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ABSTRACT 
INTEGRATING COMPUTER TECHNOLOGIES INTO ELEMENTARY SCHOOL 
TEACHING: A CONSTRUCTIVIST PROFESSIONAL DEVELOPMENT APPROACH 
MAY 2001 
LINDA MENSING TRIPLETT, B.A., UNIVERSITY OF MINNESOTA 
M.S.ED., UNIVERSITY OF WISCONSIN 
ED.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Robert Sinclair 
A three-year action research study was conducted in one public school district to design a 
professional development approach that helped inservice teachers integrate computer 
technology into instruction. The central question guiding this research was, "What are the 
elements associated with a professional development approach intended to help teachers 
integrate computer technology into their teaching?" A framework was developed for 
conducting the investigation which included two components: (a) Examination of 
changes in teacher skill development guided by the question, "What changes occur in 
teachers' technical and computer skills when they participate in the designed professional 
development approach?"; (b) Examination of changes in teaching practices with 
technology guided by the question, "What changes occur in the ways teachers use 
computers for instruction when they participate in the designed professional development 
approach?" Fifty-five teachers completed self-evaluations of technical skills in 1997, 
prior to involvement in professional development, then again in 1999 after two years of 
technology professional development. Interviews were conducted with twenty-one 
v 
teachers of these teachers in 1999 to define changes in teaching practices with 
technology. Research results produced a revised professional development approach that 
included six elements which school districts should provide to help teachers construct and 
continually refine their understanding of how technology is best used in teaching and 
learning. These elements included skills training, experiences teaching with technology in 
the context of school classrooms and computer labs, mentoring support, support for 
planning curriculum, supervision of instruction, and collaboration with others using 
technology at similar grade levels or in similar subject areas. Over 90% of teachers 
/ 
interviewed reported that technical workshops and good access to just-in-time mentoring 
improved their skills. Over 95% found hands-on experience with technology contributed 
to a sense of empowerment with the computer. Over 90% felt that collaboration with 
colleagues improved their skills. Assistance with planning curriculum supported 
technology integration for 80% of interviewees by assisting with formulation of new 
technology-based learning experiences tailored to the needs of specific student 
populations. Supervision of instruction was found to reduce disparities among teachers 
for using technology and helped assure that teachers worked toward achieving district 
goals for technology integration. 
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CHAPTER 1 
THE INTEGRATION OF TECHNOLOGY INTO TEACHING 
Introduction 
Recent research on the effectiveness of computers in education confirms that 
technology can contribute to raising student achievement scores, but only when teachers 
understand how to integrate computers appropriately into instruction. Archer (1998, p. 
13) used results of national educational assessments to show that when skilled teachers 
used computers to engage students in higher level problem-solving activities, computers 
helped students improve their learning. Robinson (1995) concluded a study of technology 
in education by stating that for students to use computers effectively in their learning 
required that their teachers be able to use them effectively in their teaching. Robinson 
found that to teach effectively with computers required teachers to have knowledge and 
understanding of appropriate hardware and software, the pedagogical skills appropriate 
for teaching with computers, and the ability to organize and manage computer based 
classroom activities. 
Becker (1998) found that technology integration changes the way teachers teach. 
Teachers who had used computers in their classroom for several years moved toward a 
"more constructivist" teaching style: their teaching involved longer projects; they gave 
students more chances for active, out-of-seat work; they used more interdisciplinary 
content; and they gave students more opportunity to review and revise their work. 
Teachers with several years of experience using instructional technology also had their 
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students work in cooperative groups more frequently and were more reflective about their 
teaching goals. To promote constructivist teaching methods with technology, various 
authors recommend that professional development opportunities be made available to 
teachers that focus on how technology enhances learning rather than on simply how to 
work the computers. Other researchers have found that for teachers to combine the use of 
technology with constructivist teaching methods requires that the school system provide 
one-on-one, just-in-time inservice (Zehr, 1998). Still other researchers have noted that 
teachers are more likely to use technology effectively when they can work in teams with 
other teachers and have the support of administrators. 
School districts throughout the United States must create affordable, practical ways to 
provide professional development opportunities that help teachers integrate technology 
effectively into their teaching. For professional development to be successful, a school 
district must furnish assistance to teachers who are at all levels of comfort with 
technology, who teach at different grade levels, and who have widely differing views on 
how technology should be used to help students learn. 
Purpose of This Study 
The central purpose of this research is to design a professional development approach 
that school districts can use to help teachers successfully integrate computer technology 
into their instructional practices. Action research was used over a three-year period in a 
case study of one school district, during which goals for integrating computer 
technologies into teaching were supported by a variety of professional development 
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opportunities. This study is guided by the question "What are the elements of a 
professional development approach intended to help teachers integrate computer 
technology into their teaching?" A framework was developed for conducting this study 
which included the following components: 
1. Research examined changes in teacher skill development over the three-year period 
of this study. This research was guided by the question, 
"What changes occur in teachers' technical and computer skills when they 
participate in the designed professional development approach?" 
2. Research examined changes in teaching practices with technology over the three-year 
period of this study. This research was guided by the question: 
"What changes occur in the ways teachers use computers for instruction when 
they participate in the designed professional development approach?" 
This case study was done in the Amherst Public School district. At the beginning of 
the three-year study, a District Technology Plan was developed that identified fifteen 
goals for the integration of technology into teaching practices within the elementary 
schools. To achieve these goals, Technology Specialists were hired and a professional 
development plan put in place that provided workshops, technical assistance, mentoring, 
and team teaching in an effort to support technology integration. This study will examine 
the effectiveness of the professional development approach that was used and the 
approach will be revised based upon study findings. 
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Significance 
Ideally, our system of public education is designed to produce thoughtful citizens who 
can participate fully in our democratic government while contributing productively to 
society. We expect our public schools to provide not only the human resources necessary 
to maintain economic development, but also to prepare young people for the many roles 
they will assume as adults in our democracy. John I. Goodlad (1994) in his book What 
Schools Are For\ states that when education is properly conducted it is "eminently 
practical. It prepares not for just one but for many vocations; it prepares not just for 
society as it is but for a changing civilization; it provides not merely for present 
satisfactions but makes possible a lifetime of enjoyment" (p. 34). 
Thoughtful educators know that for students in this society to be productive now and 
in the future in almost any field of endeavor they will need to understand technological 
applications^To thrive in today’s world and tomorrow’s workplace America’s students 
must have a solid understanding of how technology works and what it can do”\(1997 
StaR Report, p. 3). In response to such mandates for the integration of technology into 
schools, the U.S. Department of Education: Technology Guidelines (1995, p. 1) made the 
following assertion: "All schools will use technology rich learning environments to 
support teaching and learning. These environments will include connections to the 
Information Superhighway and hardware and software for instruction and management. 
Educators will have ongoing staff development and support to help them use technology 
effectively." As part of education reform, the Clinton Administration made grant funds 
available to support the government’s commitment to bringing technology into the 
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classroom. Government policy recognized that technology has the potential to “help 
expand opportunities for American children to improve their skills, maximize their 
potential, and ready them for the 21st century” (US Dept, of Education, 1998). 
Strong links have been found between certain types of technology use and higher 
scores on the U.S. Department of Education’s National Assessment of Educational 
Progress (NAEP). After factoring out important variables such as socioeconomic status 
and class size, researchers found that eighth grade students whose teachers used 
computers for simulations and applications, which are generally thought to stimulate 
higher order thinking, performed better on the NAEP than students whose teachers did 
not (Archer, 1998). In fourth grade, students whose teachers used computers mainly for 
math and learning games scored higher than students whose teachers did not. At both 
grade levels, students whose teachers had professional development in computers 
outperformed students whose teachers did not (Archer, 1998, p. 13). Archer found that if 
computers are to be effective tools for helping students improve their learning, the 
computers must engage students in appropriate, higher-level problem-solving activities 
under the guidance of teachers with enough training to use them effectively. 
Further challenges for technology professional development involve moving teaching 
practices toward student-centered learning and constructivist teaching methods. Rather 
than using computers exclusively to structure learning experiences and enhance recall of 
material, teachers can create classroom environments where computers interact with 
other instructional variables to affect the way students build mental representations and 
process information. If the goal of teaching is to improve each student’s ability to use 
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content in a knowledge domain for authentic real-world tasks, then instruction should 
involve helping students work with technology to actively construct knowledge. 
Technology can provide students with the tools they need to construct informed 
responses and assess alternative responses, help students expand the imaginative aspects 
of their knowledge, and consciously manipulate their own learning process. 
To move teaching practices toward constructivist methods requires teacher access to 
appropriate technology professional development. The 1997 STaR Report stresses the 
importance of professional development, noting that "trained and enthusiastic educators 
transform classroom technology from hardware, connections and content, into tools for 
active learning." Professional development opportunities must be made available to 
teachers to help them gain the technological knowledge and skills necessary to 
incorporate computer technology into the day-to-day instructional activities in their 
classrooms. Helping teachers use technology effectively in their teaching may be the 
most important step toward assuring that current and future investments in computers for 
public schools will produce students with skill development adequate to prepare them for 
work in this society. 
Prerequisites For Implementation of Technology Professional Development 
The approach to professional development proposed for this study recognizes that if 
teachers are to improve their ability to teach with computers, school systems must attend 
to at least three levels of need: skills mastery by individual teachers; technology 
curriculum development; and technology resource development within the organization. 
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Professional development needs to involve individual teachers in hands-on technology 
learning experiences. However, professional development for teachers can not be isolated 
from technology curriculum development, which offers teachers ideas about what and 
how to integrate technology into their teaching. There must also be organizational 
support for the purchase and maintenance of appropriate technologies, and administrative 
support for technology integration into classroom teaching. 
The connection between curricular and professional development as they affect 
teaching with technology in schools, and their relationship to the development of 
technology resources within the school organization is illustrated in Figure 1.1 as 
follows: 
Figure 1.1 
The Connection Between Curricular and Professional Development and Their 
Relationship To Learning With Technology 
Improved Teaching with Technology 
◄-► 
Development of Technology Resources 
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While professional, curricular, and resource development within the organization can 
be understood as separate entities, they are less likely to result in the effective integration 
of technology into teaching and the learning of students when they are understood only as 
independent functions. If technology is to play an important role in our schools, there 
must be a re-conceptualization of the relationship between professional development, the 
development and constant improvement of curriculum, and the development of 
technology resources within the organization. It is important for those working to 
implement technological innovations in schools, as well as for those responsible for 
strengthening the teaching and learning process, to be aware of this essential theoretical 
and practical relationship. 
Technology Professional Development 
Of key importance to the integration of computer technologies into teaching is the skill 
development of individual teachers. For teachers to master all of the technical and 
pedagogical skills necessary to fully integrate computers into their teaching requires time 
to learn the skills and access to appropriate professional development opportunities. In 
order to be successful, technology professional development programs must also be 
shaped by what we have learned about technology adoption. Research suggests that 
teachers typically advance through stages of technology adoption (Noon, Oct. 1998, p. 
11). 
During the initial technology awareness stage the focus of professional development 
should be upon helping individual teachers identify how technology has personal and 
8 
professional value to them. Pre-technology literate teachers often resist embracing 
technology because of fear and/or lack of time and lack of equipment access. Gaining a 
commitment from individual teachers to make time and to put effort into learning the 
skills needed to use computer hardware and software must take precedence at this level. 
Once teachers become interested in computer technology, they typically seek out basic 
professional development experiences that help them learn to use computer hardware and 
specific software programs. Learning to use computer hardware and software can often 
seem like a daunting and frustrating task because teachers have a great deal of knowledge 
to gain at this point in their skill development. At this stage of technology adoption the 
focus of professional development is upon providing a variety of positive, practical 
experiences using computers. Professional development must keep teachers excited about 
the technology and its benefits, while helping them master the practical skills needed to 
start using computers in their classrooms. 
Following the hurdles of* learning to use computer hardware and specific software 
programs, educators must move toward finding ways to use computer technologies as 
part of their classroom instruction and the learning experiences of their students. The 
focus of professional development at this point must be upon helping teachers use the 
hardware and software skills they have recently gained in their classrooms. Educators at 
this phase of development are learning to teach with computers and to organize 
computer-based student learning activities. 
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A fourth stage of computer adoption has been labeled by Noon (Feb. 1999, p. 11) as 
the techno-constructivist phase. As teachers develop the skills to integrate technology 
into classroom instruction, researchers note that changes occur in teaching methods. 
Findings show that teaching moves toward greater use of student-centered, constructivist 
methods including open inquiry and independent problem solving. At this phase, 
professional development must support teachers as they help students learn to actively 
collaborate with computer technology to construct knowledge. 
Noon's model of technology adoption served as a guide for the organization of 
technology professional development activities in this case study. The first district 
professional development plan provided activities that were assumed to be most useful 
and supportive of teacher growth within a particular phase of technology adoption, with 
the overall goal of helping teachers move toward the techno-constructivist phase of 
technology use with their students. Rather than using computers to simply structure 
learning experiences or to enhance recall of material, the overarching goal of professional 
development was to help teachers understand how to use computers as tools for teaching 
their students knowledge construction. Teaching with technology was viewed as a way to 
improve each student’s ability to use content in a knowledge domain for authentic tasks. 
Technology Curriculum Development 
For technology resources to be used appropriately and effectively, consideration 
needed to be given to the curriculum taught using technology. The following 
considerations regarding curriculum were central to this study: 
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• The curriculum taught with technology needed to be aligned with state and local 
curriculum frameworks. 
• Software content and software control features needed to be appropriate to the 
academic subject being taught and to the skill levels of students receiving instruction. 
• Computers and software were to be used to provide learning experiences that could 
not be duplicated by instruction without the computer. 
• Student instruction was to be focused on development of real-world computer skills, 
which could support the ongoing educational needs of students, and help them move 
successfully into the world of work. 
Development of Technology Resources: 
Technology resources in the schools were constantly under development for the 
duration of this study. Each year of the study, computers were purchased for teacher and 
student use, and computer labs improved. Lab improvements included providing 
additional lab space, adding computers, providing high speed network printers, 
improving networks, providing high speed Internet access for teachers and students, and 
providing adequate firewalls to protect students from gaining access to inappropriate 
materials on the Internet. Software purchases were also made on a regular basis. 
Adequate access to computers and other technologies was assumed for purposes of 
this study because all teachers had at least one modem, multimedia computer in their 
classroom. Most of the teachers in this study had more than one computer in their 
classroom after the first year of the study. Teachers also had regular access to computer 
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labs in their school buildings. Computer labs in all four schools had modem multimedia 
computers and were available for teacher and student use on a regular (at least weekly) 
basis. At three of the schools, lab access was offered to teachers on a sign-up basis. 
Teachers could sign up for at least three hours per week and could negotiate with other 
teachers in their buildings for extra time when doing projects. The fourth school in this 
study had a small computer lab that could not accommodate full classes. However, this 
school provided more classroom computers than the others, and was in the process of 
designing and constmcting a new computer lab. 
Over the period of this study, technical staff were hired to support the development 
and maintenance of technology resources within the schools. A Network Administrator 
and a Maintenance Technician were hired to ensure that technical resources were always 
in good working order, and to manage the development of technical resources. 
Definitions 
A definition of what is meant by "the integration of computer technology into 
teaching” will be presented. Within the descriptive definition of computer integration, 
operational definitions will be provided for the phrases "technical and computer skills" 
and "uses" of computers for classroom instruction. In addition, definitions will be 
provided for the terms professional development, technology professional development, 
curriculum, and technology curriculum. 
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Integration of Computer Technology Into Teaching 
For the purposes of this study, Robinson's (1995) definition of the integration of 
computer technology into teaching will be used. Robinson's definition included the 
following four important features: 1) Teachers and their students must have adequate 
computer access, 2) Teachers must have the technical and computer skills to make use of 
appropriate hardware and software, 3) Teachers must have the pedagogical skills 
appropriate for teaching with computers, and 4) Teachers must have the ability to 
organize and manage computer based classroom activities. 
Technical and Computer Skills 
For students to be able to use computers as tools for learning, their teachers must have 
the technical and computer skills necessary to make use of appropriate computer 
hardware and software. Teachers with adequate technical skills must have knowledge of 
the way computers operate and they must have experience using common types of 
software. Considered within this definition of technical and computer skills is the 
acceptance of computer technology as a tool for teaching. 
Instructional Technology 
Teachers who have the pedagogical skills appropriate for using computers in their 
teaching know how to use them for providing multisensory stimulation and for enhancing 
information exchange. Information exchange involves use of computers for storing, 
constructing, and manipulating information, and for creating a variety of symbolic 
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representations. Using computers for teaching also includes providing opportunities for 
active, exploratory, and inquiry-based learning. 
Teachers who have the pedagogical skills appropriate for using computers in their 
teaching are also able to organize and manage computer-based classroom activities. They 
are able to move instructional practices with computers away from teacher-centered 
approaches toward student-centered learning. Though computers can be used to deliver 
drill-and-practice type instruction and to supplement teacher-directed activities, computer 
technology best supports student-centered and constructivist teaching methods in which 
the learner is viewed as actively collaborating with computer technology to construct 
knowledge. 
Professional Development 
There are many definitions of professional development used in K12 education. 
Fullan’s (1991) definition includes "the sum total of formal and informal learning 
experiences throughout one's career from pre-service teacher education to retirement" (p. 
326). Various other researchers emphasize improved performance of teachers through 
acquisition of job-related competencies and personal management skills (Guskey and 
Huberman, 1995; Griffin, 1990; and Sparks and Loucks-Horsley, 1990). The National 
Educational Service supports use of a more specific definition for technology 
professional development. In their source-book, Staff Development in Technology (1997, 
p 11), professional development is defined as "activities and programs aimed at 
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improving the skills, attitudes, understandings, and performances of individuals who are 
integrating emerging technologies into the curriculum." 
While recognizing that many competencies are related to professional development, 
for the purposes of this research, professional development will be defined as all those 
activities which enhance teachers’ professional career growth and help them become 
more effective with students in their classrooms. Such activities may include individual 
development, continuing education, and inservice education, as well as curriculum 
writing, peer collaboration, study groups, and peer coaching or mentoring. 
Technology Curriculum 
The term curriculum is commonly used in the literature to focus on the methods that 
teachers use to facilitate learning. Historically it has been used to describe “the 
formulated wealth of knowledge that makes up the course of study in schools" (Dewey, 
1902/1971, p. 31). Dewey noted that when teachers know the content of various subjects 
to be taught, they can better determine the environment of the student and thus direct 
learning. 
For the purposes of this study, the explanation of curriculum offered by Glickman, 
Gordon, and Ross-Gordon (1995, p. 373) will be used. They describe curriculum as 
"What is intentionally taught to students in the district, school, and classroom." The 
definition used by Glickman et al. encompasses the following elements: 
Sequence: the ordering of learning experiences 
Continuity: the length or duration of such experiences 
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Scope: the range of learning experiences offered 
Balance: the degree and amount of topics, subjects, and learning experiences to be 
offered. 
The theories of Hawkins (1975) and Mitchell (1951) have also influenced conceptions 
of curriculum for this study. Mitchell described every teacher's job as "placing children in 
strategic positions for making explorations" (1934/1963, p. 25 - 26). Mitchell stated that 
curriculum material "must be permanently tentative...A fixed curriculum is an anomaly if 
we consider children and the environment two of the cornerstones upon which a 
curriculum is built" (1951, p. 197). Hawkins agreed with Mitchell's view that teachers 
need to restructure their own understanding of subject matter to make it easier for 
different children to become interested and to offer children greater options for learning. 
Hawkins felt that teachers must organize subject matter "for maximum accessibility [so 
that] it is easy to get into it from many, many directions, from many starting points and 
many levels of comprehension and insight (1975, p. 15)." 
Delimitations 
The following parameters were imposed upon this study to make it more manageable 
and focused: The study focuses upon professional development, which supports the 
integration of computers and other new technologies into classroom teaching. This study 
does not include examination of other professional development issues such as the 
personal growth of teachers; the relationship between teacher growth and organizational 
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development; or assessment and evaluation techniques, though these are important areas 
of professional growth for teachers. 
The approach to professional development advanced was investigated through study 
of computer integration into the instructional practices of elementary school teachers in 
one public school district, the Amherst Public Schools, Amherst, Massachusetts. Though 
findings may have some broad general applicability to other school districts, 
recommendations for the specific design of professional development activities have 
greatest applicability to the school system in which the research was done. 
This study has focused upon the development of teachers' skills as they struggle to 
integrate computer technologies into their classroom teaching practices. This research 
does not attempt to identify student learning that results from integrating computer 
technologies into the instructional practices of classroom teachers. Instead, the study 
operates under the assumption that effective teaching practices with technology lead to 
improved student ability to learn with technology, as well as improved student ability to 
enter the modem work force which requires technological knowledge and experience. In 
order to develop specific computer skills and knowledge in their students, teachers must 
themselves have the required skills and knowledge. Thus, there is an inter-relationship 
between the skills that the teachers must have and how they use computers to teach in the 
classroom. 
For technology professional development to succeed there must be organizational 
support at a number of levels, including organizational support for the purchase and 
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maintenance of appropriate computer technologies, and administrative support for 
technology integration into classroom teaching. However, this study does not focus upon 
the organizational components required for successful technology professional 
development, though the contribution that organizational development makes must be 
recognized. This study addresses growth of a technology professional development 
program within a school system that has organizational structures promoting teacher 
access to computer technologies and use of those technologies in teaching. 
It is assumed that individuals with diverse backgrounds and experiences are included 
in the study due to the hiring practices of the school district. This study will not compare 
individual teachers from different backgrounds in terms of their ability to integrate 
computer technologies into their teaching practices. 
For this research study action research methodologies have been chosen. Use of action 
research stems from its unique power to examine educational practices from a critical 
research perspective, and from its power as a tool for developing personal interpretive 
understanding by working on practical problems. The fundamental claim of action 
research is that hypotheses are rigorously tested by applying them to the situations for 
which action is planned. After careful observations and reflection, conclusions are drawn 
regarding the effectiveness of the changes that were implemented. Plans are made for 
subsequent action based on increased understanding of the situation. 
Accurate understanding and effective intervention can result from proficiency with 
action research processes. However, accuracy and effectiveness depend upon the 
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knowledge and experience of the researcher. This researcher has a wide range of 
experience with educational evaluation, both evaluations of individual subjects and of 
programs. However, the skills required for solving ill-defined problems that form the 
nature of teaching-practice realities are being developed in part through this action 
research study. 
The personal perspectives of this researcher will significantly affect interpretive 
understanding of research findings. This researcher has a personal stake in seeing that 
professional development strategies produce improvement in teachers’ ability to use 
computer technology within the Amherst Public Schools. The study will be undertaken 
within a school district where the researcher is employed at one of the schools and 
involved in providing professional development in technology. 
Objections to action research often raise the issue of ’studying oneself and one's 
practice' as highly subjective. Action research as inquiry into one's own practice must be 
distinguished from inquiry into theoretical matters. The criticism is that knowledge 
gained from action research is subjective and not worthwhile. However, many 
researchers (Carr and Kemis, 1986; Elliot Eisner., 1991) argue that all inquiry is value¬ 
laden and no research is completely objective science. To avoid distortion, multiple forms 
of data will be gathered and analyzed using a variety of data collection methods. Data 
will be reported in observed categories to enhance the flow of valid data. Argyis (1993) 
and other researchers have shown that action research is able to produce actionable 
knowledge, i.e. knowledge that can be used to understand and change a human social 
system. 
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Findings and recommendations resulting from this study are most relevant for the 
school district where the research is done. Though research findings may have some 
applicability in other settings, results cannot be broadly generalized. 
Closing 
Chapter 1 introduces the study and describes its purpose as the design of a 
professional development approach that school districts can use to help teachers 
successfully integrate computer technology into their instructional practices. The chapter 
includes a discussion of the studies’ significance and its delimitations. Research questions 
are presented, as are important definitions. 
Chapter 2 follows with the literature review. The literature review includes a 
discussion of the action research process used in the study to answer the central research 
question: What are the elements associated with a professional development approach 
that helps teachers effectively integrate computer technology into their teaching? 
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CHAPTER 2 
LITERATURE REVIEW 
This review of literature presents the theoretical background important for conceptual 
understanding in this research study. Included in the review is a rationale for the use of 
the research procedures that guide this study. 
Over the past twenty years, efforts have been made to integrate computers into 
classroom teaching and the learning of students. Within that period of time, computer 
technologies have changed, as have theories of learning. This literature review will 
examine those changes and look at how computer technology and constructivism have 
the potential, both separately and together, to substantially change teaching practices. 
Constructivist theory provides the lens through which the use of computer technologies in 
elementary classroom teaching will be examined. Therefore, a review of constructivist 
theory and its relationship to teaching and learning in school will be undertaken. 
Research on professional development stresses that a teacher’s knowledge, 
experiences, and skills must be viewed as assets and as the base upon which additional 
competencies are built. The research literature supporting this view and models of 
professional development which effectively engage teachers will be examined. This 
literature review will also specifically examine the processes by which teachers adopt 
computer technologies and make them part of their instructional practices. Levels of 
computer adoption will be reviewed and these will be tied to professional development 
activities with potential to support the process of technology adoption. 
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Action research provides the means for conducting practical inquiry into the problem 
of integrating computer technologies into classroom teaching. The specific action 
research methodology to be used for this study will be identified and its history 
presented. 
Constructivist Learning Theory 
Educational philosophy and theories of learning are in the midst of a revolution. 
Researchers are re-examining what it means to know something and how we come to 
know it. New theories of learning are concerned with the processes of how learners 
construct knowledge. The kinds of knowledge learners are able to construct depends 
upon what they already know, the kinds of experiences they have had, how their 
experiences have been organized into knowledge, and the beliefs they use to interpret 
objects and events encountered in the world. 
As a psychological theory of human learning and cognition, Constructivism defines 
learning as an interpretive, recursive, building process by active learners interacting with 
the physical and social worlds (Fosnot, 1996, p. 30). Based upon the research of Jean 
Piaget, and influenced by the works of Howard Gardner and Jerome Bruner, 
Constructivist theory describes how deep conceptual understanding comes about. It is 
fundamentally in direct opposition to both behaviorist theory which isolates behaviors 
learned through reinforcement, and maturational theories, which describe conceptual 
knowledge as dependent upon developmental stages that are in turn the result of innate 
biological programming. 
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A second trend in constructivism emphasizes the situated nature of learning and goes 
beyond cognitive analysis to demonstrate the profound influence of social and cultural 
factors on learning. The theoretical basis for this view was inspired by Lev Vygotsky and 
supported by the work of Lave (1988), Saxe (1991), and Galperin (Nunes, 1992). These 
two differing points of view have produced intense debate in the literature over whether 
cognition is located in the individual mind or in the individual-in-social-action. 
Analysis of human thought and cognition are carried out differently within the two 
perspectives that have contributed to Constructivism. Cognitive theorists tend to analyze 
thought in terms of the conceptual processes located in the individual, while socio¬ 
cultural theorists take the individual-in-social-action as their unit of analysis because 
participation in social interactions and culturally organized activities influence 
psychological development. 
Cognitive theorists use the term knowledge in an adaptive sense to refer to those 
sensory-motor and conceptual operations that have proved viable in the knower’s 
experience. Learning is characterized as a process of self re-organization. Though 
cognitive theorists generally define learning as self-organizing, they do acknowledge that 
constructive activity that produces learning occurs when the individual interacts with 
other members of the community. Interpersonal communication is thus seen as a process 
of mutual adaptation wherein individuals negotiate meanings by continually modifying 
their interpretations. With regard to learning in the classroom, cognitive theorists are 
typically concerned with the development of individual ways of knowing and with the 
quality of individual interpretive activity. From a Constructivist view, the focus of a 
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cognitive study would be upon explaining individual development based on models of 
self re-organization. Cognitive theorists would be interested in the processes by which 
individuals respond to various situations given their level of development. 
Socio-cultural theorists stress that human beings do not act alone, but are social 
beings. These theorists argue that we can not understand an individual’s cognitive 
structure without observing it interacting in context (i.e. within a culture). Human 
adaptation in nature and cognitive self re-organization occur within a specific cultural 
milieu. Thus cultural knowledge is a dynamically evolving, negotiated interaction of 
individual interpretations, transformations, and constructions. Vygotsky argued that 
...any higher mental function was external and social before it was internal. It was 
once a social relationship between two people. We can formulate the general 
genetic law of cultural development in the following way. Any function appears 
twice on two planes. It appears between two people as an intermental category, and 
then within the child as an intramental category (Vygotsky, 1960, pp. 197 - 198). 
Modem constructivist theory is a synthesis of the ideas of Piaget and other cognitive 
psychologists with the views of socio-cultural theorists including Vygotsky [Fosnot 
(1996), Cobb, (1996), and Doll (1993)]. Cognitive theorists now recognize that learning 
is both a process of active cognitive re-organization and the result of enculturation into a 
community of practice (Cobb, 1996, p. 35). Lewontin et al. explain this synthesis as 
follows: 
Society does not think; Only individuals think. Thus, the relation between individual 
and society, like the relation between organism and environment, is a dialectical one. 
It is not only that society is the environment of the individual and therefore perturbs 
and is perturbed by the individual. Though a collection of individual lives, society 
possesses some structural properties, while at the same time lacking certain properties 
of the individuals. Only an individual can think, but only a society can have a class 
structure. At the same time, what makes the relation between society and the 
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individual dialectical is that individuals acquire from the society some individual 
properties that they would not possess in isolation. It is not that wholes are more than 
the sum of their parts; it is that parts become qualitatively new by being parts of the 
whole. (Lewontin et al. 1984, p. 287) 
All cultures represent the meaning of experience in some way; through symbols, 
music, myth, storytelling, art, language, film, explanatory scientific models, and/or 
mathematical forms. The process of representing ideas with symbols (which is a 
constructive process) allows individuals to communicate with one another and to 
negotiate meaning between them. Fosnot describes the process of negotiating meaning as 
follows: 
I cannot understand in the same way as another human who has had different 
experiences, but with language, with stories, with metaphors and models, we can listen 
to and probe one another’s understanding, thereby negotiating “taken as shared 
meanings.” Constructing representations empowers us to go beyond the immediacy of 
the concrete, to cross cultural barriers, to encounter multiple perspectives that generate 
new possibilities, to become conscious of our actions on the world in order to gain 
new knowledge with which to act. (Fosnot, 1996, pp. 26 - 27) 
For Oakley (1985), Fosnot (1996), and Anderson (1992) our human ability to use 
symbolic representation allows us to reflect on our actions, to consider multiple 
perspectives simultaneously, and even to think about our thinking. Importantly, symbolic 
representation is also the vehicle that allows humans to interface with their social 
environment. As ideas are shared within a community, new possibilities are suggested to 
the individual for consideration. As individuals seek to communicate experiences, they 
strive to coordinate their perspectives with others with whom they wish to communicate. 
Through this process shared meanings are constructed. 
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Professional Development 
In 1994 the U.S. Department of Education under Secretary Richard W. Riley 
established a Professional Development Team with the goal of improving teacher training 
programs. The Team's mission was to examine the best available research and exemplary 
practices related to professional development, and to summarize the lessons learned from 
this knowledge base in the form of principles that might inform practitioners and 
policymakers across the country and guide the Department's efforts in the area of 
professional development. The mission statement and principles of professional 
development were published in the December, 1994 Federal Register. 
High-quality professional development should incorporate all of the principles 
stated below. Adequately addressing each of these principles is necessary for a 
full realization of the potential of individuals, school communities and institutions 
to improve and excel. Professional development focuses on teachers as central to 
student learning, yet includes all other members of the school community; focuses 
on individual, collegial, and organizational improvement; respects and nurtures 
the intellectual and leadership capacity of teachers, principals, and others in the 
school community; reflects best available research and practice in teaching, 
learning, and leadership; enables teachers to develop further expertise in subject 
content, teaching strategies, uses of technologies, and other essential elements in 
teaching to high standards; promotes continuous inquiry and improvement 
embedded in the daily life of schools; is planned collaboratively by those who 
will participate in and facilitate that development; and requires substantial time 
and other resources. 
Guskey (1994) asserts that schools must recognize that professional development 
programs change not only the individual but also the organization. If professional 
development is seen only as an individual process, it becomes an uncomfortable personal 
endeavor for teachers. Principals and teachers are usually reluctant to adopt new 
procedures or practices under such circumstances, unless they feel sure they can work 
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with them successfully (Guskey, 1994). Like many professionals, teachers and principals 
do not feel comfortable trying something new because of the risk of failure and the 
damage failure brings to professional pride and reputation. However, Elmore (1992) 
cautions that a focus exclusively on organizational change is also ineffective. He states 
that there is scant evidence that structural change leads to change in how teachers teach, 
what they teach, and how students learn. Guskey (1994) states that viewing change as 
both "an individual and organizational process that must be adapted to the contextual 
characteristics of each school system will help clarify the steps necessary for success in 
professional development." (p. 5) 
Professional development literature also points to problems when the magnitude of 
change sought from individuals or from school organizations is too great. Joyce, Wolfe, 
and Calhoun (1993), noted that the magnitude of change teachers are asked to make is 
inversely related to their likelihood of making it because education professionals at all 
levels generally oppose radical alterations in their present procedures. Successful 
professional development programs are those that move in a gradual and incremental 
fashion with effort made to demonstrate how new practices can be implemented in ways 
that are not excessively disruptive and do not require too much time. Guskey (1994) 
refers to this guideline as, "Think big, start small." McLaughlin (1990) argues that 
professional development efforts must not be so ambitious that they require too much too 
soon from those responsible for implementation, but need to be sufficient in scope to 
challenge the interest of those the program is designed to reach. Smylie and Conyers, 
(1991) argue that to enhance the effectiveness of individual teachers, professional 
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development must not be conceived of as filling gaps, plugging holes, and correcting 
wrongs. Instead, a teacher’s knowledge, experiences, and skills must be viewed as assets 
and the base upon which additional competencies are built. 
When teaching is viewed through the lens of constructivist theory, it must be seen as a 
complex, dynamic, interactive, intellectual activity, rather than a pre-planned, routinized 
set of tasks. If teachers are to meet the individual needs of their students, their practice 
cannot be entirely prescribed or standardized. In other words, teachers cannot be regarded 
as simply implementers of a curriculum designed by others. They must be given the 
responsibility to plan for the students in their class, and they must have a voice in 
decision making. Constructivist learning theory combined with growing demands for 
education reform also require that teaching be viewed as a collective, rather than an 
individual activity. Teachers now have to work and learn together to be successful in 
their classrooms (Devaney and Sykes, 1988; Smylie and Conyers, 1991). 
This re-conceptualization of teaching drives a need for changes in professional 
development. Professional development must help teachers move away from thinking of 
teaching as transferring knowledge to students. Instead professional development 
activities should help teachers learn to engage their students in inquiry. Roth (1995), 
defines inquiry: "open investigations where learning can take place in contexts 
constituted by ill defined problems" (p.75). Roth goes on to describe inquiry as a process 
in which students engage themselves and each other in problem-solving situations by 
conducting investigations that have arisen out of learner-framed problems. Roth argues 
that open- ended investigations within realistic, meaningful contexts allow students to 
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explore and generate many new possibilities while also providing intrinsic motivation for 
learning. Constructivists believe that when professional development for teachers 
requires them to frame their own problems, link learning to prior knowledge, and work 
on collaborative goals by sharing and discussing, teachers will be intrinsically motivated 
to advance their skills. Intrinsic motivation is the key to developing a culture of learning 
and growing. It is only through development of such a culture that learners will become 
experts in any field of study. 
Smylie and Conyers support the conclusion that for teachers to use inquiry with their 
students they must themselves engage in inquiry-based learning. These authors point to a 
need for teachers to inquire into problems with the support of other educators. Therefore, 
professional development should include "collaborative learning activities in which 
teachers work together to identify and define problems, study those problems, and craft 
or access solutions" (Smylie and Conyers, 1991, p. 14). 
The highly complex nature of the teaching and learning process, and the diverse 
contexts into which they are embedded suggest that there will never be one right way of 
structuring professional development programs. Although there might be some general 
principals which apply, professional development programs must be adapted to the 
unique characteristics of each school setting or “context” (Guskey, 1994). In other words, 
professional development programs must be shaped by the school settings into which 
they are integrated. McLaughlin (1990), and Talbert, McLaughlin and Rowan (1993) 
argue that professional development should be integrated in ways that best suit regional, 
organizational, and individual contexts: the local values, norms, policies, structures. 
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resources, and processes. Some contexts demand practitioner-specific activities (Guskey, 
1994), while other contexts demand a more systematic or organizational focus (Sarason, 
1990). Guskey cautions that some contexts require professional development to take a 
gradual approach to change, while other contexts require “immediate and drastic 
alterations at all levels of the organization” (Guskey, 1994, p. 3). 
Because of the highly significant influence of context, it has been impossible for 
researchers to identify any specific set of elements which result in effective professional 
development programs. However, in an effort to assist schools with the development of 
effective programs, a number of researchers and professional organizations have 
published guidelines. Glickman, Gordon, and Ross-Gordon (1995) report that a 
considerable base exists for successful staff development and describe characteristics of 
successful programs as follows: 
• Involvement of administrators and supervisors in planning and delivering the program 
• Differential training experiences for different teachers 
• Placement of the teacher in an active role (generating materials, ideas, and behaviors 
• Emphasis on demonstrations, supervised trials and feedback, teacher sharing and 
mutual assistance 
• Linkage of activities to the general staff development program 
• Teacher choice of goals and activities 
• Teacher self-initiated and self-directed training activities 
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Instructional Technology 
Only in the last twenty years has there been any pressure on teachers to use computers 
in their general instructional practice. As late as 1988, studies conducted by the United 
States Department of Education determined that technology was not having a positive 
impact upon education in U.S. schools because teachers did not have adequate access to 
computers. Because computers were not yet readily available to teachers, they had not 
become part of daily instructional routines. Research findings during the 1980s also 
indicated that most teachers had not considered using any of the most sophisticated 
interactive, knowledge-creating functions of computers as part of classroom instruction. 
Other research reports from the 1980s indicated that it could take as long as five to 
seven years for teachers to master the use of computers and other technology tools 
because of the constantly changing nature of computer hardware and software, and the 
complexity of many of the software programs. Sheingold and Hadley, in a study 
completed in 1990, also concluded that, on average, teachers needed five to seven years 
before they became comfortable and confident using technology for instructional 
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purposes in their classrooms. The teachers in their study rated lack of time as the most 
problematic barrier to technology use in schools. Without time to adequately learn to use 
hardware and software, teachers reported that they could not make use of these tools to 
accomplish work-related goals. 
Initially, computers in schools were conceived of as tools for the delivery of 
individualized tutorials that would enhance teachers’ effectiveness with students. 
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However, research on computer-aided-instruction did not show achievement gains 
associated with the use of instructional computers by students. In 1983, Richard Clark 
completed a meta-analysis of existing research studies and reported no significant effect 
of computer-enhanced instruction on student achievement.) 
Since the mid-1990s, when computers became significantly easier to use and the 
purchase price for the best computers dropped significantly, most school districts have 
increased accessibility to computers for both teachers and students. The availability of 
powerful, easy to use, multimedia computers in elementary schools has meant that, for 
the first time, many teachers have access to the computers they need to begin the process 
of fully integrating technology into their teaching and the learning of their students. 
Exploration into the ways computers can be used to enhance student learning has 
accompanied increased access in schools. 
Perkins (1992) envisioned using computers five instructional functions: 
1. Information Banks. An information bank is any resource that provides explicit 
information about topics. The classic information bank in the classroom is the 
textbook, but others might include dictionaries, encyclopedias, and the teacher. 
According to Perkins (1992), "information-processing technologies expand the kinds 
and amount of information accessible and shorten the paths to the information" (p. 
46). Use of the Internet provides an example. The Internet allows students to search 
for and retrieve information on almost any topic from the computer in their 
classroom, then use that information when producing their own projects. 
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2. Symbol Pads. Perkins (1992) described a basic function of educational environments 
through history as providing "surfaces for the construction and manipulation of 
symbols" (p. 46). These surfaces have progressed from hand held slates that were 
used by students in the 1800's, to paper notebooks and three-ring binders, and finally 
to laptop computers. Computer technology expands the power of symbol pads to help 
students record ideas, formulate solutions to problems, remember facts, and 
manipulate symbols. The use of word processing tools has been shown to increase 
student motivation to write and improve the quality of their work by making editing 
and spell checking much easier. 
3. Construction Kits. Perkins notes that construction kits of one form or another are "a 
classic part of settings for learning" (p. 47). He gives as examples Legos, Erector 
Sets, and blocks. Information technologies have dramatically expanded the kinds of 
construction kits that are now available in classrooms. Computer simulations offer an 
opportunity to explore unique environments without leaving the classroom. 
Manipulating equations and representing them visually is possible through the use of 
mathematics tools and programming languages. These are just a few examples of the 
kinds of construction kits available to students and teachers using computers. 
4. Phenomenaria. Perkins (1992) uses this term as an area in the classroom "for the 
specific purpose of presenting phenomena and making them accessible to scrutiny 
and manipulation" (p. 47). Aquariums, terrariums, chemistry apparatus, and 
telescopes provide examples of classroom phenomenaria. Information processing 
technologies are extremely flexible in their ability to provide phenomenaria. For 
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example, microworlds that allow students to manipulate objects according Newtonian 
laws of motion and other basic laws of physics have been created for the computer. 
Powerful exploration tools are also available in other areas of study. 
5. Task Managers. Perkins (1992) defined task managers as elements of the environment 
that establish the tasks to be undertaken by students in the course of learning. Task 
managers guide and sometimes help with the execution of tasks. They provide 
feedback regarding process and/or product. Teachers have functioned as the most 
important task managers in modem classrooms. Textbooks and other curriculum 
materials also provide a great deal of task management by presenting structured 
problem-solving tasks, exercises at the end of chapters, and quizzes. Perkins notes 
that information processing technologies provide teachers with additional task 
managers for the classroom. Traditional teachers might choose to use drill-and- 
practice or tutorial software with external task management to present educational 
activities to students. Intelligent tutoring systems that continually assess the learners 
responses and branch into new tasks based upon those responses can also be 
employed by teachers for individualizing instruction. 
Kozma (1994) notes that computers have the potential to interact with other variables 
in an instructional situation to affect the way students build mental representations and 
process information. In Kozma's view, the goal of teaching is to improve each student’s 
ability to use content in a knowledge domain for authentic tasks. Instmction should, 
therefore, involve providing students with the tools needed to develop the skills of 
constructing informed responses and for assessing alternative responses. Rather than 
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using computers to structure learning experiences or to enhance recall of material, Kozma 
initiated investigations of computers as tools which could help students become aware of 
the process of knowledge construction, understand the imaginative aspects of knowledge, 
and consciously manipulate their own learning process. This constructivist challenge to 
traditional teaching methods confronts educators with the need to provide experiences 
that lead to understanding and skill development. However, the simple sounding 
educational goals of having students understand and actively use knowledge have proven 
remarkably difficult to achieve. Modem information processing technologies do offer 
ways for educators provide the active, experientially based learning experiences that 
constructivist methods demand. 
David Jonassen (2000) divides the instructional use of computers into three categories: 
learning from computers, learning about computers, and learning with computers. 
Jonassen describes learning from computers as involving the use of drill-and-practice 
programs and electronic worksheets. Learners enter answers and receive feedback about 
the accuracy of their responses, often getting graphic rewards. Drills were based on 
behaviorist principals about the reinforcement of stimulus-response associations. 
Rewards enhance the likelihood that learners will make a particular response when 
presented with a specific stimulus. More complicated drill-and-practice strategies using 
large item pools, mastery learning, review strategies, and advanced graphics have 
improved drill-and-practice programs. However, the behaviorist principals underlying 
drill-and-practice do not, in Jonassen's opinion, foster the kinds of complex thinking 
required for meaningful learning. The best rationale for using drill-and-practice programs 
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is to help students develop automaticity, so that they can automatically recall knowledge 
or processes needed to complete more complex, higher-order thinking tasks. Jonassen 
notes that computers are patient and accurate drillers. However, what drill-and-practice 
does not facilitate is the transfer of skills to meaningful problem solving. While drill and 
practice programs do help some young and remedial learners who need practice, Jonassen 
argues this is not the most powerful way to integrate computers into instruction. 
Tutorial programs respond to individual differences in learning by providing remedial 
instruction when learners' responses are incorrect. Correct responses are rewarded while 
incorrect responses cause the program to branch into presentation of some kind of 
remedial or alternative forms of instruction. Jonassen argues that although tutorials 
represent an important advancement from drill-and-practice programs, there are problems 
with their use. Tutorials do not allow learners to construct their own meaning, but rather 
project a single interpretation of the world onto what the student knows. Students are not 
encouraged or even able to determine what information is important; they cannot reflect 
on and assess what they know or construct any personal meanings for what they study. 
What students too often acquire from tutorials is inert knowledge because they are not 
applying what they are learning to solve real-world problems. 
Learning about computers (often called computer literacy) has been taught in schools 
since the early 1980s. Typically, students learn technology vocabulary, about hardware 
components and how to use a programming language. For approximately the past 20 
years it has been thought that all students would need computer literacy skills to survive 
and thrive in our society because of society's dependency on technology for handling 
36 
information and solving complex problems. However, for a number of reasons computer 
literacy is no longer a major issue in schools. Many students are now able to use 
computers without instruction. Students have computers at home and are exposed to 
computers at an early enough age that they naturally experiment and learn to use them 
without a lot of assistance. The de-emphasis on computer literacy has also resulted from 
discovering that learners do not need to have a deep understanding of the computer in 
order to use it productively. Computers are intellectual tools and like most good tools can 
be put to work in an efficient, comprehensible, and intuitive way. Newer software uses 
the computational power of computers to make applications friendly and easy to use. 
Tools are really useful only if they help students perform tasks that they want or need to 
perform. Millions of students in the past 20+ years have been forced to leam computer 
skills that had little or no relevance for them. While Jonassen recognizes that some 
knowledge the computer is required for efficient and effective use, he states that students 
can practice what they need to leam about using computers while they are working on 
more meaningful educational tasks. In other words, students don't need to memorize the 
parts of a computer in order to do something useful with it. 
According to Jonassen, learning with computers involves using technology to support 
students as they work to make meaning of information and experiences. Students leam 
with technology when computers support knowledge constmction by representing 
learners' ideas and beliefs in words, pictures, idea webs, and multimedia presentations. 
Students leam with computers when they gain access to information via the Internet for 
comparing perspectives, world views, and beliefs. By providing an organized, 
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controllable space in which students can engage in thinking and problem solving, and by 
supporting conversation and collaboration among members of learning communities, 
computers are assisting student learning., even when members of a community do not 
live in close proximity. 
Action Research 
This section provides a critical look at the action research methodologies chosen for 
this study and describes the rationale for using this particular kind of action research. 
Also included is a discussion of the kinds of scientific claims action research makes. 
Action research is a form of collaborative research that provides processes for learning 
more about our world. Catelli (1995) describes action research as involving the combined 
efforts of teachers and researchers engaged in "a systematic and critically oriented 
process of inquiry in order to understand and improve some commonly agreed-upon 
dimensions of educational practice” (p. 27). Action research is seen as collaborative 
because, in contrast to positivistic research, “action research involves the subjects of 
research as active agents in shaping and interpreting the research” (Tom and Sork, 1994, 
p. 40). There are numerous models of action research, each providing a particular focus 
and methodology for examining events in real-life settings. Regardless of the specific 
model used, action research combines methodological rigor with research activities that 
will benefit those involved by adding to their knowledge. Before explaining the specific 
action research approach chosen, a brief historical overview of action research will be 
provided and several contemporary action research models will be explored. 
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Overview of Action Research 
There are a number of forms of action research practiced and reported in educational 
literature. This historical review includes: Action Research (Carr and Kemmis 1986); 
Participatory Action Research (Whyte, 1991; Argyris and Schon, 1989; Greenwood, 
Whyte and Harkavy, 1993); Experimental Inquiry (Feldman; 1986; Kolb, 1983); Action 
Inquiry and Collaborative Inquiry (Reason, 1994); and Transformative Research (Beder, 
1991; Deshler and Selener, 1991). 
The term “action research” was brought to prominence by Lewin around 1944 (Elden 
and Chisholm, 1993). Lewin formulated action research as a process in which 
practitioners examined their own practices for the primary purpose of changing existing 
social systems. Eizenberg summarizes Lewin’s formulation of action research as “ a 
small scale intervention in the functioning of the real-world and a close examination of 
such intervention” (Eizenberg, 1991, p. 181). Lewin described the research process as a 
series of spiraling decisions, made on the basis of repeated cycles of analysis, 
reconnaissance, problem reconceptualization, planning, implementation of social action, 
and evaluation regarding the effectiveness of the action. Lewin’s research process also 
took into consideration the need to work in a collaborative manner with those most 
affected by the research. Stone (1990) describes Lewin’s formulation of action research 
as involving four repeated and overlapping stages as follows: 
1. The Acting Stage, which involves participation in a real experience, usually the 
intervention designed to change the system 
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2. The Observing Stage, which includes observations and reflections 
3. The Reflecting Stage, which is the formulation of abstract conceptualizations and 
generalizations 
4. The Planning State, which is the testing of implications of previous states in a new 
situation through a new intervention. 
Carr and Kemis (1986) define action research as a self-reflective spiral of "controlled 
intervention and practical judgment conducted by individuals and groups committed not 
only to understanding the world but to changing it" (Carr and Kemis, p. 186). They 
model their process of action research after that posed by Lewin, but describe the four 
essential iterative phases as follows: 
1. planning 
2. taking action, 
3. observing the effects of the action taken, 
4. reflecting on the meaning and implications of the cycle with a view to further 
planning, acting, observing and reflecting. 
Argyris and Schon (1989) separate action research and participatory action research. 
They describe action research as a process which is based upon the perceptions of 
practitioners working within a specific context. To conduct action research, a description 
of the context is constructed, an intervention is determined and an experiment set up to 
test the hypotheses. If successful, the experiment will effect some change. Argyris and 
Schon (1989) argue that participatory action research is a form of action research in 
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which the participants are both subjects and co-researchers. The ideas behind 
participatory action research are based upon Lewin’s assertions that the people affected 
by proposed changes should be involved in the processes of building and testing 
interventions. Participatory action research creates the conditions through which a 
community of practitioners can give and get valid information, and make free and 
informed choices. Through their involvement in the change process, practitioners within 
the community are internally committed to an intervention and are therefore accepting of 
its consequences. 
Action inquiry and collaborative inquiry (Reason, 1994) differ from other forms of 
action research because they seek to explicitly contribute to a formal knowledge base. 
Unlike positivist research ideology, however, collaborative inquiry carries with it the 
value that knowledge cannot be owned. A collaborative and noncompetitive relationship 
must be maintained among all co-researchers and there is an understanding that scholars 
must be involved in the problems of putting theory into practice (Brooks and Watkins, 
1994). Feminist researchers were among the first to utilize collaborative inquiry because 
they were unhappy that traditional academic social research was of little value to 
practitioners. Collaborative inquiry provided Feminists with more inclusive, democratic 
ways of defining problems that were of concern to all members of a research group. 
Collaborative methods allowed for the collection of data from researchers' personal 
experiences as well as from other sources, and required a high degree of collaboration in 
the inquiry process. 
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Brooks and Watkins (1994) compared forms of action research. They observed that 
there are five dimensions of similarity between them: 
1. All forms are similar because their goal is the construction of new knowledge upon 
which a form of action can be based. Brooks and Watkins note that all forms of action 
research include a cyclical process for the construction of knowledge in which the 
action taken contributes to the knowledge built, and that knowledge in turn alters the 
actions taken. 
2. In all forms of action research those individuals who work or reside in a particular 
context should be central to the research process. This is based upon the belief that 
practitioners, community members and workers who must act within the context are 
in a better position to explore their existing practices and thought than social 
scientists from the outside. Many researchers have also found that “knowledge 
imposed on an individual or group from the outside is often inappropriate, ineffective, 
or ill-received” (p. 11). 
3. In all forms of action research the data used in the research process are systematically 
collected and come from the experience of the participants. Without the systematic 
collection of data, action research would become only a form of reflective practice or 
experiential learning. 
4. In all forms of action research, a research question is formulated, the research process 
is carefully designed, data collection and analysis are carried out, conclusions are 
drawn, and new questions are formed by the co-researchers (p. 12). 
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5. All action research methods have change as the basis for action: "Action is studied, 
probed, and pondered in order to make improvements in professional practice, 
organizational outcomes, or social democracy” (p. 12). 
Use of action research for this study stems from its unique power to examine 
educational practices from a critical research perspective while using the experience of 
practitioners in the field to create new knowledge. Action researchers argue that practice 
and research ought to be fused. The importance of practical deliberation as procedure was 
stated clearly by Elliot. He saw that the task of teachers was to interpret their everyday 
practice in the pursuit of reflective self-development and action research was to be used 
to improve the quality of life in the classroom. Thus, action research provides a tool that 
teachers can use to develop a personal interpretive understanding from working on 
practical problems. Elliot saw theoretical understanding as fundamental to practical 
action and discourse. 
The model of action research chosen for this study was first suggested by Elliot 
(1981), then revised by James McKeman. Crucial for Elliot was the idea that teaching is 
a highly theoretical enterprise and that research itself is a self-reflective process in which 
practitioners apply theory to their practice. Because educators perceive teaching in 
fundamentally different terms from those outside the professional educational world, 
Elliot saw the importance of involving teachers in school site-based policy development. 
He advocated for teacher participation in small support groups, whole staff groups, and in 
collaboration with researchers and other personnel in search of agreement on final 
documentation of written policy. James McKeman (1996) used Elliot’s views about 
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action research to create a research process that involved a series of successive cycles, 
each incorporating the possibility of providing evaluative feedback within and between 
cycles of action. McKeman proposes that action research be considered a practical, 
technical, and critically reflective process in which means and ends are negotiated 
through complex human interaction and decision making is shared by a wide range of 
participants. McKeman describes the steps in his model as following a particular pattern 
starting with identification of a problem requiring improvement. A first cycle of action 
research is thus triggered by attempts to define the problem and the situation more 
clearly. After the problem is identified and stated, a needs assessment is completed. 
Review of the needs assessment often should suggests actions to be undertaken. These 
actions are hypotheses deemed worthy of testing in practice. The hypotheses proposed for 
solving the action research problem merely claim to count as intelligent ideas rather than 
absolutely correct solutions. 
The next stage of action research is devoted to developing an overall plan of action, 
which will serve as an operational blueprint for the project. Implementation of the plan 
follows and this is the stage of installing the plan in the setting and taking action. Next, 
an evaluation of action steps taken is conducted. At this stage the research group seeks to 
understand what the effects have been and what has been learned as a result of action. By 
carefully reflecting on the action researchers become self-monitoring. All data that has 
been gathered and conclusions are then shared among the group which will make 
decisions about the acceptability of the steps. McKeman describes the next steps in the 
process as follows: 
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The second and subsequent cycles of action: The project now moves on to a second 
cycle or action loop of events in which the experience and steps of the first action 
cycle are employed to produce a revised definition of the situation. The important 
thing about the second action cycle is that the original research problem is allowed to 
redefine itself as the result of the action taken in the first and original action cycle. In 
this second cycle the problem is recast and a review of the situation is conducted. The 
research group may have various ideas or hypotheses for improving the situation. 
These are written into the revised action plan, which is tested and observed 
empirically in the setting. On the basis of evaluation and group critique the action 
initiatives in the second cycle are further subjected to scrutiny and decisions are 
reached. It may be that further testing and experimentation is deemed necessary and 
this would then form the basis of a third action cycle and a wholly reconstructed action 
plan. (pp. 29 - 29) 
Knowledge Claims of Action Research 
The fundamental claim of action research is that hypotheses are rigorously tested by 
applying them to the situations for which action is planned. After careful observations 
and reflection, conclusions are drawn regarding the effectiveness of the changes that were 
implemented. Plans are made for subsequent action based on increased understanding of 
the situation. “It is action which is considered and consciously theorized, and which may 
reflexively inform and transform the theory which informed it” (Carr and Kemmis, 1986, 
p. 190). But, can action research help create knowledge of more general usefulness? Can 
it generate theories that build understanding in the broad field of education? The next 
section of this study is addressed to those questions. 
Important questions often take place in the context of real life. To reduce these 
questions to small, manageable constructs for the purpose of increasing objectivity and 
certainty often makes that knowledge unusable or irrelevant. Patton (1980) advocates 
"pragmatic validation" of research results through a mechanism that has practical utility 
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and credibility (including accuracy, validity, and common-sense truthfulness). Weiss 
(1972) argues that neither distanced objectivity nor neutral rationality would contribute to 
the utilization of research by decision-makers. Reason (1988) argued that in human 
inquiry it is better to be approximately right than precisely wrong. He also stated that it is 
better to initiate and conduct inquiry into important questions of human conduct with a 
degree of acknowledged bias and imprecision, than to bog the whole thing down in 
attempts to be prematurely correct or accurate (p. 229). Reason makes the point that it is 
more important for the information to be timely and pertinent than completely certain. If 
action research is to make changes in the world, then it needs to produce information on 
which decision-makers are able to act. The importance of being approximately right has 
appeal for the purpose of effecting change in a research setting. 
Action research does not claim to discover absolute truths. Recent philosophies of 
science recognize that there are no absolute claims to knowledge (Phillips, 1997). New 
information must be integrated into existing knowledge structures in a way that is 
coherent with existing schemata, and new theories must be built from experiences that 
make sense. After a research project is complete and the theory is advanced, it becomes 
justified only when successive attempts to refute it fail and the research yields predictions 
which are shown to be accurate (Evers and Lakomski, 1991). 
Action research is concerned with generating knowledge and theory that is based upon 
the world as it is experienced by of the subjects of that research (Herron, 1988). The 
purpose of action research is not just to acquire more knowledge. The questions and 
problems for which action research is appropriate are practical in nature, and their 
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resolution makes the lives of participants in the research better. The theories generated 
through action research make sense to the individuals involved because they are coherent 
with the critically subjective knowledge of the participants in the study (D’Eon, 1997, p. 
42). In other words, action research allows practitioners to put theory into action and 
assess the results. Judgments are made about the usefulness of the theory after 
researching the actions taken. Confidence in action research findings comes from the fact 
that what has been discovered makes sense and works in the situation. 
Feldman (1986) suggested that to increase confidence in action research, the 
researcher needs to increase the amount and the saliency of the information available: 
"The challenge is to arrange the environment so that the learning task becomes more 
analytic and the relevant cues and outcomes become more salient and easily codable" (p. 
281). Feldman recommends that action and evaluation be linked so that the consequences 
of a decision can be evaluated, the basis for the decision considered, and the next 
decision made better. 
Altrichter, Posch and Somekh (1993) state that data for all kinds of research are based 
upon experience. They suggest that action researchers look for data that are not unique, 
but are available for verification again and again. They note that experiences can be 
verified in different ways including the following: 
• If the event the experiences refer to can be repeated (Altrichter, et al., 1993, p. 69) 
• If the event has left some traces, independent of the researcher, which can be 
investigated by the researcher and others 
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• If the researcher has used some means to represent the experiences and these 
representations are available to the researcher and others independent of the original 
context of time and place 
Because events are often impossible to repeat, the validity of action research depends 
heavily upon data that give indirect access to events. Altrichter, Posch, and Somekh, 
(1993) therefore identify two important features of action research data: 1) Data must 
have material traces or representations that can be passed on, stored, and made accessible 
to people; 2) Data are regarded as relevant by a researcher only when they provide 
evidence with respect to the specific issue investigated . (p. 70). These authors found that 
action researchers must carefully detail their data sources because: 
’’data are always chosen or constructed from a certain perspective and are therefore, to 
varying extents, theory laden. This would not matter if we ourselves could be aware of 
all the theories (prejudices) involved in collecting and selecting data. However, we can 
be aware of only some of the theoretical perspectives contributing to the research 
process, while others remain unnoticed or tacit, although they still shape our research 
activities” (Altrichter et al., 1993, p. 70). 
These researchers therefore suggest that the data collection methods be chosen based 
upon four criteria: 
1. Data collection methods allow for consideration of alternative perspectives. 
Researchers must ask whether understandings gained from research have been 
cross-checked against the perspectives of all those concerned and/or with other 
researchers. 
2. Data collection methods provide for testing through practical action. Action 
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research involves developing action strategies and testing them by putting them 
into practice. The quality of theoretical insights can be judged by their contribution 
to the improvement of practical action. 
3. Data collection methods must have ethical justification. Researchers must 
determine whether data collection methods are compatible with both educational 
aims and democratic human values. 
4. Data collection methods are practical and compatible with economies of time. 
Action research is of crucial importance to the process of integrating technology into 
teaching because it links action and evaluation so that the consequences of decisions can 
be evaluated and future decisions made better. Effective use of technology by teachers 
requires expertise that can only be gained through the amalgamation of ongoing 
professional development and practical application in the classroom. Action research can 
be used to help design professional development opportunities that not only increase 
teachers' technical expertise, but also support their efforts to integrate technology into 
their teaching and ensure that there is a match between teaching styles and chosen 
technological applications. Otherwise, the ultimate goal of helping students progress in 
their learning will not be reached. 
Closing 
The theoretical background important for conceptual understanding in this research 
study was presented in Chapter 2. Included in the review is a rationale for the use of the 
action research procedures that guide the study. Action research is described as a means 
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for conducting practical inquiry into the problem of integrating computer technologies 
into classroom teaching. 
A review of constructivist theory is included in Chapter 2, as constructivism provides 
the lens through which the use of computer technologies in elementary classroom 
teaching will be examined. The effect of computer technology and constructivism 
together is described as having the potential to substantially change teaching practices. 
Chapter 2 also includes a literature review on the topic of professional development. 
Models of professional development which effectively engage teachers are examined, as 
are the processes by which teachers adopt computer technologies and make them part of 
their instructional practices. Levels of computer adoption are discussed and these are tied 
to professional development activities that have the potential to support technology 
adoption by teachers. 
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CHAPTER 3 
RESEARCH DESIGN- 
The central purpose of this study is to guide the design of a professional development 
approach that a school district can use to help inservice teachers successfully integrate 
computers and other new technologies into their instructional practices. This study 
addresses the question, "What are the elements of a professional development approach 
intended to help teachers integrate computer technology into their teaching?" 
Phases of The Study 
For the purpose of designing an approach to professional development that helps 
teachers integrate technology into instruction, a case study was completed in the public 
schools in Amherst, Massachusetts. This case study was done over a three-year period of 
time, from the beginning of the 1996/97 school year through the end of the 1998/99 
school year. A five-phase action research process was used to conduct the study. 
Descriptions of each phase of action research follow: 
Action Research Phase One 
The needs assessment was conducted in 1996 using a questionnaire developed by the 
Massachusetts State Department of Education. Baselines for teachers' technical skill 
development and their priorities for training in computer technologies were established 
» 
through examination of the data collected. 
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Action Research Phase Two 
Based upon results of the 1996 needs assessment, in combination with the research 
literature on adult technology adoption, a set of goals for technology professional 
development were assembled. These professional development goals could best be 
described as a set of strategic ideas deemed worthy of testing in practice. An overall plan 
of action or operational blueprint was then advanced for technology professional 
development in the Amherst School district. 
Action Research Phase Three 
Implementation of the plan was undertaken. At this stage, the technology professional 
development plan was installed in the Amherst Public Schools, and grant funding was 
found to support implementation. 
Action Research Phase Four 
Research into the effectiveness of the professional development plan was undertaken 
in an effort to understand what the effects of the plan had been and to delineate what had 
been learned as a result of actions taken. 
Action Research Phase Five 
On the basis of research findings, the action initiatives in the first professional 
development plan were subjected to scrutiny and decisions made regarding changes that 
might be necessary. A revised technology professional development approach was then 
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advanced as an approach to technology professional development that could support 
inservice teachers as they work to integrate technology into their teaching. 
Research Questions 
In an effort to answer the primary question, "What are the elements of a professional 
development approach intended to help teachers integrate computer technology into their 
teaching", a framework was developed for conducting this study which included the 
following two components: 
1. Research examined changes in teacher skill development from the beginning of the 
district Technology Professional Development Plan in 1997 through the end of the 
1999 school year. This research was guided by the question "What changes occur 
in teachers' technical and computer skills when they participate in the designed 
professional development approach?" 
2. Research examined changes in teaching practices with technology over the period 
from 1997 through the end of the school year in 1999. Research was guided by the 
question " What changes occur in the ways teachers use computers for instruction 
when they participate in the designed professional development approach?” 
Research Methods 
Question 1 was investigated through a skills assessment using the questionnaire, 
Teacher's Self Evaluation Rubrics for Basic Computer Use (See Appendix C), and 
through teacher interviews. Questionnaires were first distributed to teachers in 1997. 
Teachers were asked to complete the questionnaire prior to any involvement in 
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technology professional development. Implementation of the district Technology 
Professional development plan began in December 1997. Over the next two years of this 
study a variety of technology professional development opportunities were offered in the 
school district. During the spring semester of 1999, teachers were again asked to 
complete the skills questionnaire and results were compared with those from 1997. 
Interviews of teachers were conducted during the Spring semester of 1999. During the 
interviews teachers were asked to describe changes in their technical skill development 
during the period of time from December 1997 through the end of the school year in 
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1999. Teachers were also asked to describe the events and experiences that formed the 
basis for any growth in skills they reported. 
Question 2 was investigated through teacher interviews and a survey of teachers. 
Interviews asked teachers for information about their use of technology for instruction. 
Teachers were also asked to share lesson plans and teaching ideas that integrated 
technology into instruction. Following the interviews, teachers were asked to complete 
the survey, Professional Development Rubrics: Adoption Of Computer Technologies For 
Teaching. This survey asked teachers to self-assess their progress in achieving the goals 
identified in the District Technology Plan, upon which the survey was based. 
Research Instruments 
A needs assessment was conducted in 1996 to aid in development of the first district 
technology plan. This needs assessment was done using a questionnaire developed by the 
Massachusetts State Department of Education. Baselines for teacher skill development 
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and their priorities for training in computer technologies were established through 
examination of the data. Needs assessment data was then used to help design the 
technology professional development program. (See Appendix A for a copy of the 
Massachusetts Department of Education survey form.) 
Prior to implementing the school district's first technology professional development 
program, new assessment procedures were established that could help determine the 
district's progress toward meeting professional development goals. The new assessment 
instrument was to be used for examining changes in teachers' technical and computer 
skills. It was to be administered just before the technology professional development 
program was implemented. It was to be re-administered again two years later, following 
teacher involvement in technology professional development. Administrators felt that the 
Massachusetts State Department of Education questionnaire used to conduct the 1996 
needs assessment was inadequate for assessing changes because it focused too heavily on 
specific technical and software skills, some of which were not considered important to 
elementary school teachers. Administrators wanted to assess changes using a survey that 
focused on the technical skills most likely to be used by elementary classroom teachers in 
the district. They also wanted to know whether teachers were integrating technology into 
their professional teaching practices. The District Technology Coordinator, with 
administrative approval, developed a new survey instrument: Teachers' Self-Evaluation 
Rubrics for Basic Computer Use. 
Two versions of the survey: Teachers' Self Evaluation Rubrics for Basic Computer 
Use were used for this research. Both survey forms organized rubrics into the four stages 
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of technology adoption. However, in the first survey all rubrics at one stage were 
presented as a single choice. (See Appendix C for a copy of the survey used in 1997). 
After completing the survey in 1997, a number of teachers reported difficulty using the 
form, claiming that within a single rubric choice some of the statements applied to them 
and some did not, making it hard for them to choose. Because of these problems with the 
original survey form, changes were made before the survey form was used again in 1999. 
The rubrics that were used for the first survey form were used again in the second survey 
form so that comparisons could be made. However, on the second form, each statement 
was used as separate rubric, thereby expanding second survey form. Teachers reported 
finding the second form easier to use. For scoring purposes, the rubrics statements were 
compiled as they had been on the first survey form to reflect Noon’s four stages of 
technology adoption. (See Appendix C for a copy of the survey used in 1999). 
Information regarding teacher skill development was also gathered through interviews. 
Teachers were asked to discuss the changes they felt occurred in their computer skill 
development and to identify the sources of those changes. In addition, questions used for 
interviews asked teachers for information about their use of technology for instruction, 
how they became interested in using particular technologies with their students, how their 
skills and ability to use computers in their teaching grew and developed, and how 
knowledge was shared within their school community. (Interview questions are 
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summarized in Appendix E). As part of the interview process, teachers were asked to 
share examples of lesson plans incorporating computer technology and software 
programs that they had used with students. 
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Those teachers who were interviewed were also asked to self-assess their progress in 
achieving the goals set by the District Technology Plan. The survey questionnaire that 
was developed based upon those goals can be found in Appendix D: Professional 
Development Rubrics: Adoption Of Computer Technologies For Teaching. 
Research Setting 
This study took place in the four public elementary schools making up the Amherst 
Public School District. The school district is located in western Massachusetts, 92 miles 
west of Boston. The district has an enrollment of approximately 1700 students. The 
population of the town of Amherst was just over 35,000 people at the time this study was 
initiated. In addition, there were over 30,000 undergraduate and graduate students 
attending the University of Massachusetts in Amherst, approximately 1,500 
undergraduate students attending Amherst College, and approximately 1200 
undergraduate students attending Hampshire College. The town of Amherst is a multi¬ 
cultural and international community, and this diversity is reflected in its public schools. 
Research Subjects 
Research subjects were elementary school teachers in the Amherst Public School 
district. The district includes four elementary schools that vary in size. At the time of this 
study the teachers employed in each school building numbered as follows: 
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Table 1 
Research Subjects Listed By School 
School 1 School 2 School 3 School 4 
Classroom Teachers 19 29 10 27 
Additional Teaching Staff 20 33 19 17 
This study focused upon the training of elementary teachers. Included in the study 
were those classroom teachers who taught grades Kindergarten through sixth. Also 
included in the study were special education teachers, Title 1 teachers, language arts 
teachers, and teachers of English as a second language. Technology teachers who worked 
with groups of students at least five hours per day were also considered part of the study. 
Paraprofessionals and other support staff were not included in this study. 
Closing 
In Chapter 3, the design of this study and the research questions were presented. The 
chapter described the five phases of action research used to study one public school 
district over a three-year period of time in order to answer the central research question 
"What are the elements of a professional development approach intended to help teachers 
integrate computer technology into their teaching?" Also presented in Chapter 3 were 
descriptions of the subjects and the school district where the study was conducted. 
Chapter 4 will include descriptions of the first three phases of action research, starting 
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with the needs assessment conducted in 1996 to establish baselines for teachers' technical 
skill development and their priorities for training in computer technologies. The 
technology professional development plan that was developed based upon this needs 
assessment will be presented. The chapter will conclude with an account of the 
implementation process for technology professional development in the school district. 
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CHAPTER 4 
TECHNOLOGY PROFESSIONAL DEVELOPMENT PLANNING 
Chapter 4 focuses on implementation of the district's professional development plan 
from the first needs assessment, through design and execution of the district technology 
professional development program. Building the first professional development program 
began with a district-wide needs assessment which was completed in 1996. This needs 
assessment was done using a survey provided by the Massachusetts Department of 
Education. Findings of the initial needs assessment are detailed in this chapter. Based 
upon results of the 1996 needs assessment, a technology professional development 
program was created. Implementation of this program began in Fall semester 1997 and 
continued through the end of Spring semester 1999. The program that was developed will 
be presented in this chapter and its implementation will be discussed. 
Action Research Phase One: Needs Assessment 
Development of the first district technology professional development program began 
with a needs assessment in 1996. Baselines for teacher skill development and priorities 
for training in computer technologies were established through examination of data 
collected using a questionnaire developed by the Massachusetts State Department of 
Education. The assistant superintendent distributed the survey to all teachers throughout 
the district in January 1996. All teachers and paraprofessionals working in classrooms in 
the school district were asked to complete the survey. One hundred and one teachers and 
paraprofessionals from the four elementary schools completed the survey anonymously. 
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Those taking the survey were asked to report only the name of the schools where they 
worked. Surveys were collected by the end of February 1996 and initially presented as 
part of the district's Technology Plan. The Massachusetts State Department Of Education 
questionnaire used in this survey can be found in Appendix A. 
The 1996 Department of Education survey asked teachers to identify their skill levels 
in nine different technical areas. The questionnaire gave teachers five levels of skill 
development to choose from. These five skill levels as described on the questionnaire 
include: NONE, AWARENESS, APPLICATION, FUNCTIONAL USE, and 
MANAGEMENT. 
The following table shows the percentages of teachers responding to the questionnaire 
by indicating that their skill levels were NONE. Teachers who identified their skill levels 
as NONE could be described as not understanding the advantages of using computers and 
as not having the technical skills necessary to make use of the technology. 
Table 2 
1996 Skills Survey Findings: Skill Level None 
Skill Level Percentage of Teachers 
Computer Aided Instruction 12% 
Creative Technologies 27% 
Data Manipulation 44% 
Design Manipulation 71% 
T elecommunications 24% 
Presentation Technologies 63% 
Publishing and Productivity 12% 
Research Technologies 28% 
Learning Management 66% 
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Of the elementary teachers completing the survey, more than 50% reported their skill 
levels as NONE in three areas: Design Technologies, Presentation Technologies, and 
Learning Management. A high percentage of teachers (44%) also reported their skill 
levels in Data Manipulation as NONE. Approximately 25% of all the elementary 
teachers responding to the survey reported their skill levels as NONE in the areas of 
Research Technologies, Telecommunications, and Creative Technologies. In the areas of 
Computer Aided Instruction and Publishing and Productivity, which includes word 
processing, 12% reported their skill levels as NONE. 
The following table shows the percentages of teachers who indicated that their skills 
levels were AWARENESS on the 1996 Massachusetts State Department of Education 
survey. At the AWARENESS level of skill development, teachers acknowledge that there 
are some advantages to using computers, but do not have the skills necessary to make 
actual use of the technology. 
Table 3 
1996 Skills Survey Findings: Skill Level Awareness 
Skill Level Percentage of Teachers 
Computer Aided Instruction 19% 
Creative Technologies 38% 
Data Manipulation 34% 
Design Manipulation 18% 
T elecommunications 29% 
Presentation Technologies 17% 
Publishing and Productivity 17% 
Research Technologies 26% 
Learning Management 24% 
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Of elementary teachers completing this survey, 38% reported being aware of the 
benefits of using Creative Technologies such as drawing and music composition 
software, but did not have the skills necessary to use these technologies professionally or 
in their teaching. In addition, 34% reported being aware of the benefits of Data 
Manipulation technologies such as spreadsheets and databases, but felt they did not have 
the skills to use these. Approximately 25% of the teachers surveyed did not know how to 
use Telecommunications, Research Technologies, or Computer Aided Instruction yet 
were aware of the benefits these could provide for students. 
The following table shows the percentages of teachers responding to the survey by 
indicating that their skills were in the range of FUNCTIONAL USE. These teachers 
were at a beginning level, but had some understanding of how to use a given technology 
in the classroom or for other professional purposes. 
Table 4 
1996 Skills Survey Findings: Skill Level Functional Use 
Skill Level Percentage of Teachers 
Computer Aided Instruction 33% 
Creative Technologies 25% 
Data Manipulation 12% 
Design Manipulation 9% 
T elecommunications 26% 
Presentation Technologies 11% 
Publishing and Productivity 29% 
Research Technologies 30% 
Learning Management 8% 
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Of the teachers responding to this survey, approximately 30% felt that they had 
functional skills in the use of Computer Aided Instruction, Research Technologies, and 
Publishing and Productivity software such as word processing programs. Less than 10% 
of teachers surveyed had functional use of Design Manipulation and Learning 
Management Technologies. Few teachers could use Presentation software in their 
teaching. 
The following table shows the percentages of teachers responding to the survey by 
indicating that their skill levels could best be described as falling within the 
APPLICATION range. These teachers were considered to be at an intermediate skill 
level of skill development, with working knowledge of a given technology and the ability 
to integrate that technology into classroom teaching or other professional activities. 
Table 5 
1996 Skills Survey Findings: Skill Level Application 
Skill Level Percentage of Teachers 
Computer Aided Instruction 26% 
Creative Technologies 7% 
Data Manipulation 8% 
Design Manipulation 2% 
T elecommunications 11% 
Presentation Technologies 6% 
Publishing and Productivity 30% 
Research Technologies 13% 
Learning Management 2% 
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Of the teachers completing this survey by indicating Application level skills, most 
reported these skills in the areas of Publishing and Productivity and Computer Aided 
Instruction. However, these same findings show that less than 33% of all the teachers 
completing the survey could use such productivity tools as word processing software with 
their students. In addition, less than 33% of teachers completing the survey could use 
computer based drill-and-practice, tutorials, or simulation software in the classroom. 
Slightly over 10% of all teachers completing this survey reported Application level skills 
in Research Technologies and Telecommunications. All other technical skill areas had 
less than 8% of teachers reporting Application level skills. 
The following table shows the percentage of teachers responding to the survey by 
indicating that their skill levels were in the MANAGEMENT range. These teachers had 
the skills and understanding necessary to fully integrate the technology into their 
classroom curriculum and to teach it to other educators. 
Table 6 
1996 Skills Survey Findings: Skill Level Management 
Skill Levels Management Percentage 
Computer Aided Instruction 11% 
Creative Technologies 4% 
Data Manipulation 3% 
Design Manipulation 0% 
T elecommunications 11% 
Presentation Technologies 3% 
Publishing and Productivity 13% 
Research Technologies 4% 
Learning Management 0% 
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Of the teachers who reported skills at the Management level, most indicated that their 
skills were best in the areas of Publishing and Productivity (including word processing), 
Telecommunications, and Computer Aided Instruction. 
Detailed findings of this survey are given in Appendix A. Within Appendix A, Table 
A.l presents results of the skills survey for each of the four elementary schools in the 
district, as well as totals for all four schools. Survey results are also summarized in 
Appendix A, Figure A.l, which separates the findings by technical skill area and provides 
a graph of findings for each specific skill area. A graph of the overall findings for the 
1996 skill follows in Figure 4.1. 
Examination of these results indicates that Amherst elementary teachers' best technical 
skills are in the areas of Computer Aided Instruction and Publishing and Productivity 
(including word processing). In all other technical skill areas more than 50% of the 
teachers surveyed lacked the skills to use the technology for teaching or for other 
professional purposes. More than 90% of the elementary teachers surveyed lacked skills 
to use Learning Management technologies such as assessment software, electronic 
portfolios, online curriculum frameworks, and resource linkages. 
When skill levels NONE and AWARENESS on the survey were considered together, 
they represent the size of the group of teachers in each skill area who lack working 
technical knowledge. Figure 4.2 provides a graph of survey findings showing skill levels 
NONE and AWARENESS combined. 
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The 1996 Massachusetts State Department of Education Survey also asked teachers to 
identify their priorities for technical skill training. Findings are presented in Table 7. 
These results are also presented as a graph in Figure 4.3. 
Table 7 
1996 Teacher Survey: Priority Levels for Technical Training 
% % % % 
Technical Skill 
Areas 
None None Low Low Medium Medium High High 
Computer Aided 
Instruction 
12 13% 17 18% 39 42% 25 27% 
Creative 
Technologies 
11 12% 28 30% 34 37% 19 21% 
Data Manipulation 14 15% 31 33% 38 41% 10 11% 
Design Technologies 29 32% 40 44% 17 19% 4 4% 
Telecommunications 3 3% 12 13% 31 33% 48 51% 
Presentation 
Technologies 
18 20% 28 31% 31 34% 13 14% 
Publishing and 
Productivity 
5 5% 8 9% 30 32% 50 54% 
Research 
Technologies 
6 6% 16 17% 39 41% 35 36% 
Learning 
Management 
12 13% 21 23% 40 43% 19 21% 
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In an effort to understand teacher priorities for technology professional development, 
the priority ratings of NONE and LOW were combined. Results are summarized below in 
Figure 4.4. The priority ratings of NONE and LOW were combined for the purposes of 
analysis because it was felt that teachers choosing either of these would have little 
interest in technical training in that particular skill area. 
Figure 4.4 
Priorities for Training: None and Low Combined 
Learning Management 
Research Technologies 
Publishing and Productivity 
Presentation Technologies 
Telecommunications 
Design Manipulation 
Data Manipulation 
Creative Technologies 
Computer Aided Instruction 
' 
3- - % '■ £’ 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Percentage of Teachers 
At the time of this survey, elementary teachers showed very limited interest in Design 
Technologies, with 77% indicating little or no interest in using robotics or layout design 
software. More than half the teachers (51%) indicated that they had little or no interest in 
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learning to use Presentation Software such as PowerPoint or HyperStudio. In addition, 
nearly half (48%) rated Data Manipulation as a low priority for training, indicating that 
they had little interest in learning to use spreadsheets, graphing software, database 
management tools, or statistical programs. 
The chart in Figure 4.5 shows the technical skill areas that teachers rated either 
MEDIUM priority or HIGH priority for technical skill training. At the time of this survey 
86% of the elementary teachers surveyed gave Publishing and Productivity MEDIUM to 
HIGH priority. A high percentage of elementary teachers also indicated interest in 
professional development opportunities focused on Telecommunications and Research 
Technologies. More than 50% of the teachers surveyed were interested in training in the 
areas of Computer Aided Instruction and Creative Technologies. 
Figure 4.5 
Priorities for Training: Medium to High 
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Table 8 compares the technical skill areas where teachers have indicated they have 
high training priorities with findings that show teachers' skill levels to be low. These 
findings are also displayed in a graph in Figure 4.6. Telecommunications, Research 
Technologies, and Learning Management Technologies are notable as areas that teachers 
indicate have high priority for training while skill development is low. Each of these was 
assumed to be an area where professional development planning needed to be done to 
meet the needs of teachers as indicated in the 1996 needs assessment. 
Comparison of High Trainin 
Table 8 
g Priorities/Low Skill Levels: 1996 Survey 
Technical Skill Area Priority For 
Training HIGH 
Skill Levels 
LOW 
Computer Aided Instruction 64 31 
Creative Technologies 53 65 
Data Manipulation 48 78 
Design Technologies 21 90 
T elecommunications 79 53 
Presentation Technologies 44 81 
Publishing and Productivity 80 29 
Research Technologies 74 54 
Learning Management 59 91 
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Figure 4.6 
High Priorities for Professional Development 
Compared With Low Skill Development 
Skills = None+Aw areness 
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Action Research Phase Two 
District-Wide Technology Planning 
Technology planning was initiated by the Superintendent Of Schools in Amherst in 
1995 with the establishment of a K12 Technology Planning Committee under the 
chairmanship of the assistant superintendent. The committee was made up of thirty 
people including: school administrators, curriculum directors, the technology coordinator, 
parents, technology professionals from the area, professors from area colleges and the 
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University of Massachusetts, and K12 classroom teachers. The K12 Technology Planning 
Committee met on a monthly basis starting in January 1996. Its work was guided by 
materials provided to the district by the Massachusetts State Department of Education 
and by the Center for Educational Technology and Learning (CELT). A draft of the 
District Technology Plan was completed and available for public review on November 1, 
1996. The plan was then formally approved by Technology Education Teams at each 
school, as well as by the school committee. Implementation of the plan began in January 
1997, and was designed to encompass all areas of technology development in the school 
district for the next five years from January 1997 through January 2002. 
The Amherst District Technology Plan called for expenditure of more than $300,000 
for computers in the elementary schools, and over a million dollars for purchase of 
computers and networks in the high school and middle school. Descriptions of the 
technology resources to be purchased and the distribution of resources in the schools was 
presented within a section of the overall District Technology Plan referred to as the 
Resource Plan. This Resource Plan required that one computer be placed in every 
classroom during the first year of implementation, with additional computers to be placed 
in classrooms and computer labs in subsequent years. Over the 1997/1998 school year, 
teacher and student access to computers increased exponentially in each of the four 
elementary schools within the district as the Resource Plan was implemented. 
A plan for Technology Professional Development was also included in the District 
Technology Plan. Technology professional development was to be provided on an 
ongoing basis over the five years of the District Technology Plan. Designing professional 
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development opportunities for staff was to be done collaboratively by a committee that 
included school administrators, teachers, the technology coordinator and interested 
parents. Implementation of the professional development plan was the responsibility of 
the technology coordinator who was hired at the beginning of the 1996/1997 school year. 
According to the plan, technology professional development was to begin when all 
classroom teachers and district staff had access to sufficient technology resources (i.e., a 
computer in the classroom and access to a school lab for working with students). During 
the first year of the plan, priority was to be given to helping teachers learn to use new 
computer hardware and software. However, professional development opportunities were 
also to be made available that focused on helping teachers learn to integrate computers 
and other new technologies into instruction. 
Three overarching professional development goals were identified by the District 
Technology Plan: 
• Teachers and other school staff will use computers technologies to improve 
student learning, 
• Teachers and other school staff will use computers and other technologies to 
promote school improvement, 
• Teachers will develop the skills and expertise to use technology for teaching. 
The effectiveness of technology professional development in meeting these goals was 
to be assessed every year according to state assessment guidelines. Assessments were to 
be used to guide further professional development efforts. The framework for technology 
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professional development planning in the Amherst School District is shown in Figure 4.7. 
The three overarching technology professional development goals identified in the 
District Technology Plan are included in this figure. The five-phase action research 
process undertaken for this dissertation was designed to look only at the portion of the 
District Technology Plan identified as, '’Development of Teacher Expertise in the Use of 
Technology for Teaching". 
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Figure 4.7 - Framework For Technology Professional Development Planning 
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Plan For Technology Professional Development 
A first round action plan was developed based upon results of the 1996 needs 
assessment in combination with the research literature on adult technology adoption 
(Noon, 1998; Noon, 1999). The first round action plan assumed that for professional 
development activities to help teachers effectively integrate computers into their 
classroom instructional practices, consideration had to be given to the skill levels and 
training interests teachers identified during the 1996 needs assessment phase. The plan 
that was developed provided learning experiences at each of Noon's four stages of 
technology adoption and served as an operational blueprint for technology professional 
development within the school district during the 1997/1998 and 1998/1999 school years, 
the period of time during which this study was conducted. A further step in developing a 
professional development program involved establishing goals for each stage of 
technology adoption and ensuring that these goals met the needs of teachers as identified 
by the Massachusetts Department of Education survey. Goals are listed below and are 
also presented in Appendix B on B. 1. 
Stage One Professional Development Goals 
For this initial stage of technology adoption, the focus of professional development 
was to assist pre-technology literate teachers with identifying how technology had 
personal and professional value to them. Assessment using the 1996 Massachusetts 
Department of Education Survey showed there to be a significant number of teachers 
who identified their skill levels as NONE. These teachers were assumed to fit Noon's 
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(1998) criteria for Stage One. The specific goals of professional development activities at 
this level included: 
1. Teachers make a commitment to find the time and to put effort into learning the skills 
needed to use computer hardware and software. 
2. Individual teachers in collaboration with administrators draft a plan that identifies 
skill goals and training opportunities. A timeline is developed with teachers for skill 
acquisition. 
3. Teachers establish a means of regular access to a computer for use at school and at 
home (at least during the summer months when school was not in session). 
Stage Two Professional Development Goals 
Once teachers have made a commitment to learn how to use computer technology, 
professional development helps them gain the knowledge and skills necessary for 
teaching with computers. Two levels of the 1996 Massachusetts Department of Education 
survey were assumed to fit the criteria for Stage Two: AWARENESS and 
FUNCTIONAL USE. For teachers at Stage Two, basic professional development 
programs were designed which provided lots of positive, practical experience using 
computer technology. The specific goals for professional activities at this level included: 
1. Teachers develop their interest in learning to work with computer technology. 
2. Teachers develop the practical computer and software skills that they will need to 
know in order to start adding computer technologies to instruction. 
80 
3. Teachers complete simple computer-based projects and activities that allow them to 
successfully apply what they are learning about computer hardware and software. 
Stage Three Professional Development Goals 
In the third stage of technology adoption teachers are beginning to find ways to use 
computer technology to improve classroom instruction and for student learning. 
Professional development programs support these teachers as they seek to integrate 
technology into their teaching. Assessment using the 1996 Massachusetts Department of 
Education survey showed there to be a number of teachers who identified their skill 
levels as within the APPLICATION range. These teachers were assumed to fit the criteria 
of Stage Three. The specific goals.of professional activities at this level included: 
1. Teachers use computer technology and software tools to support student learning. 
2. Teachers learn the task management skills necessary to teach with technology. 
3. Teachers involve themselves in team teaching with other professionals to observe 
new ways of using computers for instruction. 
4. Teachers are able to integrate the use of computer technology into some portions of 
their curriculum. 
5. Teachers begin to apply cooperative learning and constructivist techniques that allow 
for student centered learning approaches with technology. 
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Stage Four Professional Development Goals 
In this techno-constructivist stage (Noon, 1999, p. 11) teaching has moved toward 
greater use of student centered, constructivist methods including open inquiry and 
independent problem solving. Computer technology is also used by teachers to help 
foster more authentic learning communities in their classrooms. Assessment using the 
1996 Massachusetts Department of Education survey showed there to be several teachers 
who identified their skill levels as within the MANAGEMENT range. These teachers 
were assumed to fit the criteria of Stage Four. 
At this fourth stage of adoption, computers and other technologies are viewed as an 
ordinary part of learning. Classroom and lab computers provide a variety of resources 
from research information to email-mentor relationships. Computers also serve as tools 
for writing, calculating, presenting, problem solving and so on. Professional development 
activities are focused upon supporting teachers as they help students learn to actively 
collaborate with computer technology to construct knowledge. The specific goals of 
professional activities at this level include: 
1. Teachers begin to build professional portfolios that include projects done with 
students using computer-based instructional resources. 
2. Teachers learn to help their students use technology tools for accessing primary 
sources of information. 
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3. Teachers create a classroom environment where computers and other technologies are 
in the hands of the students. Teachers provide guidance and support for students as 
they use technology. 
4. Teachers are able to help students decide when technology use is appropriate for 
answering their questions or for communicating with others. 
5. Teachers work with students to develop technology-based projects, using rubrics to 
guide student learning and performance. 
Once goals were identified for each stage of technology adoption, these were 
associated with professional development strategies in an overall plan. Professional 
development opportunities designed for teachers as part of the implementation plan are 
presented in Table 9. Key components of the overall District Technology Professional 
Development Plan are shown in Figure 4.8. 
Table 9 
Professional Development Strategies For Stages of Technology Adoption 
Technology Adoption 
Stage 1 
Professional use of computers Technical skills objectives included in teachers' 
yearly professional development plan. 
Development of a timeline for computer skills 
training. 
Individualized support for use of computers 
through access to a mentor (another teacher or 
tech specialist) who is readily available and 
technologically savvy. 
Mentor support for use of home computer. 
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Classroom use Technical maintenance of classroom computers 
provided by tech specialists. 
Just in time support when hardware or software 
problems arise. 
Individualized assistance making software 
choices. 
Someone else in the classroom using 
computers with students (Assistance using 
classroom computers with students). 
Networked Computers/ computer labs to teach 
large groups of students 
Teachers observe but are not expected to teach 
as students use computer lab with the help of 
school technology teachers. Classroom teacher 
works along with students. 
Activities in lab suggested and taught by 
technology teacher, with efforts to coordinate 
computer lab activities and classroom 
curriculum. 
Technology Adoption 
Stage 2 
Professional use of computers Time provided during school day for technical 
training. 
Basic level professional development 
workshops in: 
- Word processing 
- Development of classroom materials. 
- Telecommunications 
- Student record keeping. 
Classroom use Observations of promising practices made 
available. 
Courses and workshops which expand basic 
understanding of: 
- Computer operating systems 
- Telecommunications 
- Productivity and publishing tools 
- Specific educational software programs 
Workshops in cooperative learning which 
utilize computer software to support group 
project work. 
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Classroom use continued. Collaboration in choosing appropriate software 
for teaching. 
Continued just-in-time technical support when 
problems arise. 
Team-teaching in the classroom with 
technology teacher or tech mentor. 
Networked Computers/ computer labs to teach 
large groups of students 
Some independent work with class in computer 
lab using specific software programs. 
Completion of simple computer based projects 
and activities with technical and/or team 
teaching support. 
Support/mentoring provided as needed to help 
work with students in the computer lab. 
Assistance provided with technology before 
and/or after sessions with students. 
Open computer lab workshops at school site. 
Technology Adoption 
Stage 3 
Professional use of computers Mentoring and peer support for building a 
professional portfolio that includes projects 
done with students using technology. 
Classroom use Workshops on constructivist teaching methods 
which incorporate use of technology. 
Courses on troubleshooting hard ware and 
software problems. 
Workshops on use of advanced software tools 
including: 
- Internet browsers and email 
- Research tools, 
- Presentation software, 
- Programming languages, 
- Multimedia programs 
Study groups focused on integrating 
technology into the curriculum. 
Inservice sessions that stress alignment of 
technology with curriculum and standards. 
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Networked Computers/ computer labs to teach 
large groups of students 
Team Teaching with other professionals to 
observe new ways of using computers for 
instruction. 
Use of computer lab for completion of open 
ended learning projects with technical 
consultation and/or teaching support available 
to ensure success of student projects. 
Open computer lab workshops at school site. 
Technology Adoption 
Stage 4 
Professional use of computers Study group leadership 
Release time or other incentives for co¬ 
teaching on-site workshops for other teachers. 
Use of teachers' expertise to mentor other 
teachers. 
Involvement with professional development 
activities outside the school district, to expand 
vision of technology in teaching. 
Classroom use Workshops in cooperative learning and 
constructivist teaching methods using 
technology. 
Workshops on integrating computer 
technologies into the teaching of content in 
science, math, social studies, language arts, 
music, art, etc. 
Consultation with library/media staff and other 
technology professionals to improve student 
access to appropriate primary research sources. 
Demonstrates projects that involve students in 
authentic real-world learning experiences using 
technology. 
Involvement in technology curriculum 
development at school or district level. 
Participation on curriculum committee working 
to integrate instructional technology with state 
and curriculum frameworks. 
Networked Computers/ computer labs to teach 
large groups of students 
Provides professional support (team teaching 
and mentoring) for other teachers who are 
learning to use computer lab for instruction. 
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Figure 4.8 
Key Components of the First Technology Professional Development Plan 
Professional 
Development helps 
teachers identify how 
technology has 
personal and 
professional value to 
them 
Professional 
Development helps 
teachers gain the 
practical computer 
skills to start adding 
computer technologies 
to instruction 
Professional 
Development helps 
teachers find ways to 
use computer 
technology to improve 
classroom instruction 
and for student 
learning 
Professional 
Development Helps 
Teachers use 
computers to foster 
learning communities 
where students 
engage in open inquiry 
and independent 
problem solving. 
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Action Research Phase Three: 
Implementation of the Technology Professional Development Plan 
During the 1997/98 school year, all teachers were expected to increase their technical 
skills with computers. Through meetings and discussions, school administrators asked 
teachers and other staff to take advantage of professional development opportunities to 
learn how to use new computers. Three of the four school administrators reinforced these 
expectations by having teachers include at least one technical/computer objective in their 
professional development goals for the year. In some cases, administrators helped 
teachers create timelines for the development of technical skills. School administrators 
also supported professional development initiatives by giving teachers release time to 
attend technology workshops during their regular school workday, and made substitutes 
available to cover their classes. Substitutes were paid for using special grant funds and 
did not impact the regular substitute budget of any of the schools. 
Working with a Technology Education Team and consulting with the Elementary 
Administrative Councils from each school, the technology coordinator was to be 
responsible for providing professional development and supporting teachers as they 
worked to integrate computer technologies into their teaching and the learning of their 
students. The author of this dissertation was the acting technology coordinator four days 
per week, and as such had an investment in the success of the technology professional 
development plan. Research for this study was conducted on the one day per week that 
the author was not employed in the school system. 
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Technology teacher-leaders were chosen by the Technology Coordinator from each 
school to help with implementation of the District Technology Plan. These teachers were 
reimbursed through grant funding for the extra time they spent working to implement the 
District Technology Plan. Teacher-leaders were typically classroom teachers with 
technical expertise and experience teaching with computers and other new technologies. 
They modeled lessons that integrated technology, provided in-class support for other 
teachers, researched and resolved technical issues, and provided other technical 
assistance as needed by teachers in the school buildings where they worked. Technology 
teacher leaders were also asked to provide professional development for their colleagues. 
At the beginning of the first year of the District Technology Plan (1997/98), additional 
technical support staff were hired to develop and maintain technology and computer 
resources. One network engineer and a maintenance technician were hired to work in the 
four elementary schools. 
Additional technology teaching staff were added in the district at the beginning of the 
second year of the District Technology Plan (1998/99 school year). One technology 
teacher was hired and the technology coordinator’s role was redefined, so that each of the 
two large elementary schools had a technology teacher on staff. Paraprofessionals were 
also hired for each of the large elementary schools to work with technology under the 
guidance of the technology teachers. The two smaller elementary schools shared one 
technology teacher, but each had a paraprofessional whose work focused on teaching 
with technology. These new staff members shared with the Technology Coordinator the 
responsibility for providing technology professional development to the teachers and 
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other staff members working in the schools. The involvement of Technology Teacher- 
Leaders was reduced once Technology Teachers were available in each of the school 
buildings. 
During the first year of the District Technology Plan (1997/98), the Technology 
Coordinator was responsible for providing teacher training in the school district. Enough 
new computers had been purchased prior to the beginning of that school year to ensure 
that every classroom teacher would have new equipment. Therefore, professional 
development focused on helping teachers learn to set up stand-alone computer 
workstations and install them in their classrooms. Each teacher was required to attend a 
three-to four-hour workshop where they were given a new IBM compatible computer and 
technical assistance to assemble it. Teachers were helped to plug in all the computer's 
component parts, turn the computer on for the first time, set up Windows 95 and install 
several important software programs. The technology coordinator then visited each of the 
classrooms to ensure that computers were working properly and to answer additional 
questions the teachers might have. Classroom visits continued on a rotational basis 
throughout the school year at each elementary school. These visits focused on technical 
maintenance of classroom computers, assistance with hardware problems, information 
sharing about software, new software installation, and support for the use of software 
with students. A help-line system was also set up so teachers could request assistance 
with technical problems and/or arrange to meet with the Technology Coordinator. 
Starting in December 1997, one elementary school was designated as having a District 
Technology Lab. The lab was used throughout the school day each Friday for technology 
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workshops. The 1996/97 needs assessment results were used to determine workshop 
topics. Many of the first workshops focused on those technical skill areas that teachers 
had identified as high priorities in the survey while reporting their skills as low. (See 
Table 8 for a comparison of high priority/low skill ratings on the 1996/97 survey). The 
Friday series of workshops offered training across the four stages of skill development 
defined above and based upon Noon's basic through advanced levels. Teachers and other 
staff attended workshops for half a day, with substitutes provided in their classrooms. A 
list of the topics covered in professional development workshops during 1998 and 1999 is 
available in Table 10. 
Table 10 
Workshops Offered During the 1997-1998 School Year 
Professional Development Workshops Length # Staff Date 
Introduction to Your New Computer 3.5 12 Jul-97 
Introduction to Your New Computer 3.5 12 Aug-97 
Administrative Software (Learning Management) 3 11 Aug-97 
Word Processing: Inservice For School 2 1 4 Sep-97 
Word Processing: Inservice For School 2 1 6 Oct-97 
Introduction to Your New Computer 3.5 13 Oct-97 
Introduction to Your New Computer 3.5 15 Nov-97 
Introduction to Your New Computer 3.5 12 Nov-97 
Introduction to Your New Computer 3.5 6 Nov-97 
Introduction to Your New Computer 3.5 9 Nov-97 
Introduction to Your New Computer 3.5 8 Dec-97 
Introduction to Your New Computer 3.5 9 Dec-97 
Windows 95 Inservice For School 1 2 6 Dec-97 
The Cruncher Spreadsheet 2 15 Dec-97 
Your Computer AM (Introduction to PC) 3 7 Dec-97 
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Your Computer PM (Introduction to PC) 3 7 Dec-97 
Windows 95 AM (The Operating System) 3 10 Dec-97 
Windows 95 PM (The Operating System) 3 8 Dec-97 
Beginning Word Processing with MS Word 3 11 Dec-97 
Intermediate Word Processing with MS Word 3 12 Dec-97 
Windows 95 Inservice For School 1 2 8 Jan-98 
Digital Camera: School 1 2 11 Jan-98 
Training For Trainers Group 6 13 Jan-98 
Your Computer (Intermediate PC Training) 3 12 Jan-98 
Your Computer (Beginning Introduction to PC) 3 10 Jan-98 
Windows 95 PM (The Operating System) 3 11 Jan-98 
Windows 95 AM (The Operating System) 3 11 Jan-98 
Software AM (Computer Aided Instruction) 3 13 Jan-98 
Software PM (Computer Aided Instruction) 3 10 Jan-98 
Introduction to Your New Computer 3.5 6 Feb-98 
Using Scanners 2 9 Feb-98 
Software (Computer Aided Instruction) 2 12 Feb-98 
Navigating the WWW 2 13 Feb-98 
Computer Survival Skills (Troubleshooting) 3 10 Feb-98 
Introduction to Excel Spreadsheets 3 10 Feb-98 
Software (Computer Aided Instruction) 3 12 Feb-98 
Training For Trainers Group 6 13 Feb-98 
Navigating the WWW 2 12 Feb-98 
Using the Internet for Research 3 12 Feb-98 
Micro Worlds Logo 3 6 Feb-98 
Introduction to Your New Computer 3.5 9 Mar-98 
Introduction to Your New Computer 3.5 8 Mar-98 
Introduction to Your New Computer 3.5 8 Mar-98 
Bookmarks in Netscape 1 5 Mar-98 
Web Pages: Inservice at School 1 1 5 Mar-98 
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Web Pages: Inservice For School 1 1 5 Mar-98 
Micro Worlds Logo 3 6 Mar-98 
Training For Trainers Group 6 13 Mar-98 
Specialized Hardware for Special Needs Students 3 6 Mar-98 
Specialized Software for Special Needs Students 3 6 Mar-98 
Secretary's Workshop: Writing and Spreadsheet 6 8 Mar-98 
Windows95 Intermediate 3 11 Mar-98 
Windows95 Advanced 3 8 Mar-98 
Organizing Files and Writing with MSWord 2 6 Apr-98 
Web Pages: Inservice For School 1 1 5 Apr-98 
Web Pages: Inservice For School 1 1 5 Apr-98 
Spreadsheets Cruncher 3 6 Apr-98 
Spreadsheets Excel 3 11 Apr-98 
Training For Trainers Group 6 13 Apr-98 
Using the Scanner/Photos 1 8 Apr-98 
Using the Internet for Research: Beginning 3 8 Apr-98 
Pictures and Graphics with MSWord 1.5 10 Apr-98 
Using the Internet for Research: Intermediate 3 10 May-98 
Using the Internet for Research: Advanced 3 7 May-98 
Web Pages: Inservice For School 1 1 5 May-98 
Windows 95: Operating System Functions 6 9 May-98 
Web Pages: Inservice For School 2 1 6 May-98 
Basic Word Processing 1.5 12 May-98 
Your Computer 1 10 May-98 
Ms Word for Writing and Publishing 3 8 May-98 
Power Point for Presentations 3 8 May-98 
Pictures and Graphics with MSWord 1.5 7 May-98 
Installing Software 1 6 May-98 
Administrative Software 3 5 May-98 
Using Netscape for Browsing the Web 1.5 6 May-98 
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Type to Leam 1.5 7 May-98 
Training For Trainers Group 6 13 May-98 
Using the Internet for Research: Beginning 3 10 May-98 
Using the Internet for Research: Beginning 3 9 May-98 
Using the Internet for Research 6 11 Jun-98 
Internet Workshop for Media Specialists 6 5 Jun-98 
Windows 95: Using Operating System Functions 6 12 Jun-98 
PowerPoint Presentations 2 7 Jun-98 
Computer Questions and Answer Session 2 6 Jun-98 
Computer Questions and Answer Session 2 9 Jun-98 
Administrative Software (Learning Management) 2 10 Jun-98 
Teacher Mentoring by Teacher Leaders: School 4 360 33 Sept.- June 
Team Teaching By Teacher Leader: School 4 395 21 Sept.- June 
Teacher Mentoring By Teacher Leader: School 1 190 24 Sept.- June 
Teacher Mentoring by Teacher Leaders: School 2 60 33 Sept.- June 
Team Teaching By Teacher Leaders: School 2 166 7 Sept.- June 
Teacher Mentoring by Teacher Leaders: School 3 60 33 Sept.- June 
Team Teaching By Teacher Leaders: School 3 166 7 Sept.- June 
Mentoring by Tech. Coordinator for District 370 150 Sept.- June 
Each month, special full day workshops were held for a group of teacher-leaders in 
technology to support their training needs and help them develop the skills necessary to 
train others in their schools. By the end of the 1997/98 school year, these teacher-leaders 
were able to provide workshops on a variety of special topics and many offered technical 
support to teachers in their respective buildings. Teacher-leaders also taught summer 
workshops in August 1998. Grant funds were used to reimburse staff for vacation hours 
spent in technology training sessions. Staff members were also encouraged by 
94 
administrators and technology coordinators to attend summer workshops outside the 
school district, with workshop fees paid by the school district. 
In June 1998, at the end of the first year of the District Technology Plan, a study group 
of seven Technology Teacher Leaders, two school administrators, and two library/media 
specialists met for four full days to review and discuss implementation of the Technology 
Professional Development Plan during its first year. The District Technology Coordinator 
chaired those meetings with the assistance of the Director of Staff Development. The 
study group identified several priorities for the district including the development of a 
district technology curriculum that identified the skills appropriate for students at each 
grade level and software programs that would support skill development appropriately. 
This curriculum was to be coordinated with the professional development agenda. 
Further, the group recommended that professional development be re-focused from an 
emphasis on the technical skill development of teachers, to helping teachers learn to teach 
with computers. 
The study group outlined a preliminary technology curriculum and created a 
corresponding staff development agenda. A variety of resources and materials were 
gathered to assist with decision making. These materials included examples of 
professional development programs from other school districts, national technology 
standards, technology curricula from other school districts across the state, the state 
curriculum frameworks, software information and examples of software programs. 
Despite these available resources, the group concluded that development of an 
appropriate technology professional development program tied to an elementary 
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technology curriculum, which would be fully utilized in classrooms, required the 
participation of a much larger proportion of the district’s teachers and administrators. The 
confounding issue of teachers needing more technical skills in order to carry out a 
prescribed curriculum disrupted the decision process during study group meetings. In 
addition, discussions arose about the place of a "Technology Curriculum" in the district 
when goals for teacher training focused upon helping teachers integrate technology into 
the regular curriculum they were teaching in the classroom. 
Members of the study group realized that an organizational requirement for teachers in 
the district to change their practices in favor of using more computer technology, 
compounded by an additional requirement that they incorporate certain software 
programs into their teaching, was going to result in complex and possibly unexpected 
problems. The challenge for professional development was not simply to make teachers 
aware of new educational practices using computers, but to begin a process that would 
result in teachers acquiring skill proficiencies that progressed beyond awkward use of 
computers, to routine familiarity and even expert use. The final conclusion of the 
committee was that workshops geared toward skill development should continue to be 
offered in the district. However, they also recommended that professional development 
activities include study groups and team teaching to be focused on helping teachers learn 
to incorporate computers into their teaching practices and into the curriculum. 
Prior to the beginning of the 1998/99 school year an additional technology specialist 
was hired to provide instructional and technical support for the integration of computers 
at two of the four elementary schools. The role of the Technology Coordinator was 
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redefined to focus more intensively on the other two elementary schools. With two 
technology specialists in the district, it was possible to increase the support teachers were 
receiving for integrating technology into their teaching practices and the existing 
curriculum. Professional development was expanded to include more mentoring for both 
inservice and pre-service teachers, and more team teaching in the computer labs. 
Increased technical teaching staff also meant that model lessons using technology could 
be developed and implemented in the classrooms. 
To enhance the process of integrating computers into classroom teaching, the school 
district applied for and received a professional development grant. With the help of grant 
funding, a variety of professional development opportunities were offered. Workshops 
and courses were offered at each of Noon's (1999) stages of technology adoption. 
Workshops were also offered which focused on cooperative learning using technology. In 
addition to the workshops, short (45 minute) help sessions were held after school in each 
building once per month to introduce new software programs and network procedures. 
Classes and workshops were also offered during two school vacation weeks, in February 
and April. In addition to workshop offerings, Technology Curriculum Study Groups were 
formed in during the 1998/1999 school year. The overarching goal for these groups was 
to support teachers as they worked to identify hardware and software programs 
appropriate for integration into the curriculum. Teachers worked in study groups with 
others who taught at similar grade levels. Technology specialists met with each of the 
study groups on a regular basis, but group leaders were chosen from among the teachers 
who participated in each study group. Meetings were held at least once a month to 
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review, discuss, and evaluate software for appropriateness and alignment with the state 
and local curriculum standards. Study group recommendations and evaluations were part 
of a district decision-making process affecting technology purchases. The specific 
workshops and activities offered to district staff during the 1998/99 school year are 
presented in Table 11. 
Table 11 
Workshops Offered During The 1998-1999 School Year 
Professional Development Workshops Length in 
Hrs. 
# Staff Date 
Using Computers for Writing and Research: Day 1 3.5 
« 
25 Aug-98 
Using Computers for Writing and Research: Day 2 3.5 25 Aug-98 
Using Computers for Writing and Research: Day 3 3.5 25 Aug-98 
Multimedia Presentations With PowerPoint: Day 1 3.5 14 Aug-98 
Multimedia Presentations With PowerPoint: Day 2 3.5 14 Aug-98 
Multimedia Presentations With PowerPoint: Day 3 3.5 14 Aug-98 
Exploring Software For the Classroom: Day 1 3.5 12 Aug-98 
Exploring Software For the Classroom: Day 2 3.5 12 Aug-98 
Exploring Software For the Classroom: Day 3 3.5 12 Aug-98 
Your Computer (Introduction to PC) 3 15 Sep-98 
Your Computer (Introduction to PC) 3 10 Oct-98 
Using Microsoft Word to Teach Writing 3 25 Sep-98 
Using Microsoft Word to Teach Writing 3 21 Oct-98 
Software for Teachers 2 12 Nov-98 
Using Excel in the Mathematics Curriculum 2 10 Sep-98 
Using Excel in the Mathematics Curriculum 2 11 Oct-98 
Using the Internet for Student Research 3 25 Oct-98 
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Using Computer Based Report Card Templates 2 15 Sep-98 
Using Computer Based Report Card Templates 2 18 Oct-98 
Using Computer Based Report Card Templates 2 17 Nov-98 
Writing With EasyBook: Using the Software 3 18 Feb-99 
Writing With EasyBook: Integrating EasyBook 3 18 Feb-99 
Teaching With Excell Spreadsheets 3 9 Feb-98 
The Basics: Windows 95 and Your Computer 3 24 Feb-99 
The Basics: Microsoft Word 3 24 Feb-99 
The Basics: Navigating the World Wide Web 3 24 Feb-99 
Presentations With PowerPoint: The Basics 3 13 Feb-99 
Presentations With PowerPoint 3 12 Feb-99 
Using PowerPoint For Instruction 3 14 Feb-99 
Writing and Research: MSWord and Netscape 3 10 Feb-99 
Writing and Research: Creating Lesson Plans 3 10 Feb-99 
Webpage Design For Beginners: The Basics 3 8 Mar-99 
Webpage Design: Creating Your Own Webpage 3 10 Mar-99 
Webpage Design: Using Webpages For Instruction 3 10 Apr-99 
Creating a Teachers Gradebook: Session 1 3 14 Mar-99 
Creating a Teachers Gradebook: Session 2 3 10 Mar-99 
Troubleshooting Computer Problems: Session 1 1 6 Mar-99 
Troubleshooting Computer Problems: Session 2 1 9 Mar-99 
Technology Tuesdays: Skill Development Group 1 12 Dec-98 
Technology Tuesdays: Skill Development Group 1 8 Jan-99 
Technology Tuesdays: Skill Development Group 1 9 Feb-99 
Technology Tuesdays: Skill Development Group 1 8 Mar-99 
Technology Tuesdays: Skill Development Group 1 9 Apr-99 
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Technology Tuesdays: Skill Development Group 1 10 May-99 
Technology Tuesdays: Skill Development Group 1 6 Jun-99 
Using Computer Based Report Card Templates 2 15 Jan-99 
Using Computer Based Report Card Templates 2 18 Feb-99 
Using Computer Based Report Card Templates 2 17 Mar-99 
Survival Skills in the Computer Lab: School 1 2 10 Mar-99 
Survival Skills in the Computer Lab: School 2 2 17 Mar-99 
Survival Skills in the Computer Lab: School 3 2 5 Apr-99 
Survival Skills in the Computer Lab: School 4 2 9 Apr-99 
Working With Students in the Lab: School 1 1 8 Apr-99 
Working With Students in the Lab: School 2 1 12 Apr-99 
Working With Students in the Lab: School 3 1 8 May-99 
Working With Students in the Lab: School 4 1 14 May-99 
Mentoring by Technology Specialists: School 1 376 33 Sept.- June 
Mentoring by Technology Specialists: School 2 395 21 Sept.- June 
Mentoring by Technology Specialists: School 3 150 15 Sept.- June 
Mentoring by Technology Specialists: School 4 67 33 Sept.- June 
Team Teaching By Technology Specialist: School 1 45 19 Sept.- June 
Team Teaching By Technology Specialist: School 2 110 29 Sept.- June 
Team Teaching By Technology Specialist: School 3 70 8 Sept.- June 
Team Teaching By Technology Specialist: School 4 90 28 Sept.- June 
Technology Study Groups: ESL and TBE 2 5 Oct-98 
Technology Study Groups: ESL and TBE 2 5 Nov-98 
Technology Study Groups: ESL and TBE 2 5 Dec-98 
Technology Study Groups: ESL and TBE 2 5 Jan-99 
Technology Study Groups: ESL and TBE 2 5 Feb-99 
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Technology Study Groups: ESL and TBE 2 5 Mar-99 
Technology Study Groups: ESL and TBE 2 5 Apr-99 
Technology Study Groups: Preschool 2 4 Oct-98 
Technology Study Groups: Preschool 2 4 Nov-98 
Technology Study Groups: Preschool 2 4 Dec-98 
Technology Study Groups: Preschool 2 4 Jan-99 
Technology Study Groups: Preschool 2 4 Feb-99 
Technology Study Groups: Preschool 2 4 Mar-99 
Technology Study Groups: Preschool 2 4 Apr-99 
Technology Study Groups: Special Education 2 7 Dec-98 
Technology Study Groups: Special Education 2 7 Jan-99 
Technology Study Groups: Special Education 2 7 Feb-99 
Technology Study Groups: Special Education 2 7 Mar-99 
Technology Study Groups: Special Education 2 7 Apr-99 
Technology Study Groups: Literacy 3 4 Dec-98 
Technology Study Groups: Literacy 3 4 Jan-99 
Technology Study Groups: Literacy 3 4 Jan-99 
Technology Study Groups: Literacy 3 4 Mar-99 
Technology Study Groups: Literacy 3 4 Apr-99 
Technology Study Groups: Grades K to 2 2 9 Oct-98 
Technology Study Groups: Grades K to 3 2 9 Dec-98 
Technology Study Groups: Grades K to 4 3 9 Jan-99 
Technology Study Groups: Grades K to 5 2 9 Feb-99 
Technology Study Groups: Grades K to 6 1 9 Mar-99 
Technology Study Groups: Grades K to 7 3 9 Mar-99 
Technology Study Groups: Third Grade 1 5 Oct-98 
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Technology Study Groups: Third Grade 1 5 Nov-98 
Technology Study Groups: Third Grade 1 5 Dec-98 
Technology Study Groups: Third Grade 1 5 Jan-99 
Technology Study Groups: Third Grade 1 5 Feb-99 
Technology Study Groups: Third Grade 1 5 Mar-99 
Technology Study Groups: Third Grade 1 5 Apr-99 
Technology Study Groups: Third Grade 1 5 May-99 
Technology Study Groups: Fifth and Sixth Grade 2 11 Oct-98 
Technology Study Groups: Fifth and Sixth Grade 2 10 Nov-98 
Technology Study Groups: Fifth and Sixth Grade 2 9 Jan-99 
Technology Study Groups: Fifth and Sixth Grade 2 9 Feb-99 
Technology Study Groups: Fifth and Sixth Grade 2 8 Mar-99 
Cooperative Learning and Technology: Study Group 2 5 Mar-99 
Cooperative Learning and Technology: Study Group 2 5 Apr-99 
Cooperative Learning and Technology: Study Group 2 5 May-99 
Technology teacher-leaders trained the previous year and assumed to be at Noon's 
Stage 4 technology adoption level were asked to teach workshops and lead study groups. 
They were reimbursed for teaching and group leadership using grant funds. Several of 
these teachers also worked with the Technology Coordinator and the Director of Staff 
Development to plan ongoing district-wide technology workshops. Still others worked to 
expand and promote the district technology curriculum guide that was published in June 
1998. 
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Team teaching was a major focus of staff development efforts. Classroom teachers 
shared lesson planning and teaching responsibilities with technology specialists. Team 
teaching occurred most frequently in school computer labs, but classroom computers 
were also utilized for team teaching. 
Several other kinds of professional development opportunities were made available in 
the school district during the 1998 - 99 school year. These are identified below: 
• Specialized workshops were provided for teachers of low incidence populations (i.e. 
hearing-impaired, visually-impaired, learning-disabled, developmentally delayed, 
etc.). These workshops focused on the use of hardware and software programs 
designed specifically for the population of students under consideration. 
• Technology mentoring was offered to teachers by request. Technology specialists 
and/or technology teacher-leaders provided mentoring. Mentoring took place in 
computer labs and classrooms, before, after, and during the school day. 
• Technology specialists often worked with groups of students while classroom 
teachers participated in the instructional session without teaching responsibilities. 
Classroom teachers could then focus on learning the lessons with their students and if 
necessary, could request additional mentoring to perfect their skills. 
• Model projects were developed using Constructivist teaching methods that involved 
students in authentic real-world learning experiences. The teacher-leaders who 
developed these projects applied for and received state technology grants to support 
them for training other teachers in the district and throughout the state. 
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• A district website was developed to give teachers online access to training resources. 
This school district website is dedicated to teaching with technology at the elementary 
school level and is available at http://amherst.th.net 
The total number of workshops and the total number of hours of workshop time 
provided by the school district between 1997 and 1999 are shown in Table 12. The first 
nine skill areas listed on the table are those areas addressed by the survey: Self- 
Evaluation Rubrics for Basic Teacher Computer Use. Workshops were also provided that 
focused on Computer Aided Instruction and the use of presentation software. It should be 
noted that Table 12 does not show mentoring and team teaching hours. A graph showing 
the number of workshops offered and the total number of hours of workshop time 
provided in the school district between 1997 and 1999 is also provided in Figure 4.8. 
Table 12 
Workshops Held between 1997 and 1999 
Number of Workshops Number of Hours 
Basic Computer Organization 48 125 
File Management 24 60 
Word Processing 17 47.5 
Spreadsheet Use 8 21 
Database Use 0 0 
Graphics Use 10 29.5 
Network Use 9 14 
World Wide Web Use 28 71 
Student Assessment 11 26 
Computer Assisted Instruction 10 28 
Presentations (PowerPoint) 9 27 
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Closing 
Chapter 4 focused upon implementation of technology professional development 
programs in the school district, from the first needs assessment through design and 
execution of the first technology professional development plan. In Chapter 5, evaluation 
of the first technology professional development plan is undertaken. Evaluation findings 
are then used to make revisions to the professional development plan in order to assure its 
effectiveness in helping teachers integrate technology into their teaching practices. 
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CHAPTER 5 
ACTION RESEARCH RESULTS AND DISCUSSION 
The focus of Chapter 5 is on evaluation and revision of the technology professional 
development approach that was used in the Amherst Public Schools from the beginning 
of the 1997/98 school year through the end of the school year in 1999. Evaluation was 
undertaken to explore the school district's approach to technology professional 
development. Evaluation findings were used to revise the recommended approach in 
order to ensure its effectiveness in helping teachers integrate computer technology into 
their teaching. To understand the effects of the technology professional development plan 
and to define what was learned, the following efforts were undertaken: 
1. Research data were gathered, guided by the question, "What changes occur in 
teachers' technical and computer skills when they participate in the defined 
professional development approach?" The following methods were used: 
• The changes in teachers' technical and computer skills were assessed using the 
questionnaire Teacher's Self-Evaluation Rubrics for Basic Computer Use. The 
questionnaire was administered during the 1997/1998 school year to teachers who 
agreed to be involved in this study. The questionnaire was re-administered again in 
1999. Copies of the questionnaire forms used are available in Appendix C. 
• Supportive information regarding teacher skill development was gathered through 
interviews. Teachers were asked to discuss the changes they felt occurred in their 
computer skill development and to identify the sources of those changes. 
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2. Research data were gathered, guided by the question "What changes occur in the 
ways teachers use computers for instruction when they participate in the defined 
professional development approach?" The following methods were used: 
• Teachers who were interviewed were asked for information about their use of 
technology for instruction. In addition, interviews sought to investigate such issues 
as how teachers became interested in using particular technologies with their 
students, how their skills and ability to use computers in their teaching grew and 
developed when they participated in district sponsored technology professional 
development, and how knowledge related to teaching with technology was shared 
within their school community. 
• Those teachers who were interviewed were asked to self-assess their progress 
toward achieving the goals set by the District Technology Plan. The survey 
questionnaire that was developed based upon these goals is available in Appendix 
D: Professional Development Rubrics: Adoption Of Computer Technologies For 
Teaching. Teachers were also asked to share examples of lesson plans 
incorporating computer technology and to identify software programs that they 
used with students. 
Procedures Used to Assess Changes in Technical Skill Development 
As part of the formation of the Technology Professional Development Plan, an 
assessment instrument was developed to examine changes in teachers’ technical and 
computer skills following their participation in professional development. This first 
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survey form, Teachers' Self Evaluation Rubrics for Basic Computer Use is available in 
Appendix C. Teachers were asked to complete the survey prior to any involvement in 
technology professional development during the first year of the District Technology 
Plan (1997/98 school year). Fifty-three teachers completed and returned the survey prior 
to attending their first technology workshop session in the school district. 
A second round of surveys was completed during spring semester 1999. For this 
second round the original survey form was modified based upon recommendations by 
teachers who completed the survey in 1997. Modification was done to enhance the 
effectiveness of the form for understanding the technical skill development of teachers 
and to support professional development planning. Modifications to the form were made 
in a manner that would still allow for comparisons with the earlier version. A copy of the 
survey used in 1999 is available in Appendix C. Survey forms for the second round of 
surveys were distributed by placing them in teachers' mailboxes with an accompanying 
letter asking teachers to complete the survey and return it to the Technology Coordinator. 
Teachers were asked to supply their names, ages, number of years in teaching, and the 
grade level they taught, as they had done for the first survey. Fifty-five teachers 
completed and returned the survey forms before the end of the school year in 1999. 
Comparisons of the 1997/98 survey with those of 1999 are shown in Figure 5.1. 
109 
Figure 5.1 
Comparison of 1997 Survey Results With 1999 Survey Results 
Percent 1997 
Percent 1999 
Basic Computer Organization 
J_2_3_4_ 
4% 45% 40% 11% 
0% 0% 11% 89% 
File Management 
1 2 3 4 
Percent 1997 8% 55% 36% 2% 
Percent 1999 2% 2% 73% 24% 
File Management 
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HI 997 
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Figure 5.1 Continued 
Word Processing 
1 2 3 4 
Percent 1997 2% 30% 40% 28% 
Percent 1999 0% 0% 35% 65% 
Word Processing 
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Spreadsheet Use 
1 2 3 4 
Percent 1997 75% 21% 2% 2% 
Percent 1999 40% 25% 25% 9% 
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Figure 5.1 Continued 
Database Use 
1 2 3 4 
Percent 1997 72% 21% 6% 2% 
Percent 1999 60% 25% 9% 5% 
Database Use 
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Graphics Use 
1 2 3 4 
Percent 1997 57% 34% 4% 6% 
Percent 1999 22% 15% 22% 42% 
Graphics Use 
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Stages of Technology Adoption 
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Figure 5.1 Continued 
Network Use 
1 2 3 4 
Percent 1997 28% 40% 26% 6% 
Percent 1999 7% 20% 40% 33% 
Network Use 
12 3 4 
Stages of Technology Adoption 
World Wide Web Use 
1 2 3 4 
Percent 1997 32% 62% 4% 2% 
Percent 1999 13% 69% 9% 9% 
World Wide Web Use 
100%-, 
90%- 
80%- 
70%- 
60% - 
50% - 
40% - 
30%- 
20%- 
10%- 
0%-* 
ED 1997 
□ 1999 
2 3 4 
Stages of Technology Adoption 
113 
Figure 5.1 Continued 
Student Assessment 
1 2 3 4 
Percent 1997 53% 45% 0% 2% 
Percent 1999 15% 75% 4% 7% 
Student Assessment 
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Ethical Use Understanding 
1 2 3 4 
Percent 1997 8% 68% 15% 9% 
Percent 1999 4% 18% 56% 22% 
Ethical Use Understanding 
12 3 4 
Stages of Technology Adoption 
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Analysis of Changes in Teachers' Technical Skill Development 
Survey results from 1997 provide a picture of the typical elementary teacher's 
technical skills before technology professional development was made available in the 
school district. Using the most typical scores (modes) in combination with means of 
weighted scores (see Table 13 for statistical analysis results), a skills profile was 
developed. A description of the "typical" teacher's computer and technology skills in 
1997 follows. 
While teachers' skills ranged from Stage 1 through Stage 4 in basic computer 
organization, the typical teacher could use only a few software programs that had been 
pre-loaded on the machine. The typical teacher expressed fears of damaging the computer 
or its programs if they experimented and tried new things on his or her own. The typical 
teacher in 1997 used word processing for his/her own written work but did not teach 
word-processing skills to students. The typical teacher could edit, spell check, and print 
documents, and was able to save documents to disk. However, the typical teacher did not 
have an understanding of computer filing systems, so that he/she did not have quick and 
reliable access to saved documents. The typical teacher had not used a spreadsheet or 
database program and could not identify any reasons he/she might want to use these kinds 
of software programs in their teaching. The typical teacher in 1997 was not familiar with 
the use of graphics to enhance documents, could not identify any way in which the use of 
computer graphics would be of benefit to them, and did not use presentation software. 
The typical teacher in 1997 was aware that a great deal of information was available 
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through the Internet but could not independently access the Internet or any school 
network. The typical teacher relied upon a library/media specialist or technology 
coordinator to assist them when he/she wanted to use email or the World Wide Web. 
With help, the typical teacher could use search engines such as Yahoo to find information 
on the World Wide Web, but was not interested in creating and using self-created 
webpages with students. The typical teacher in 1997 was aware that computers could be 
used to assist in the process of student assessment but did not personally use computer- 
based assessment tools. The typical teacher was not aware of any ethical issues 
surrounding the use of computers and had no knowledge of copyright restrictions on 
computer software. 
Comparison of skills assessments done in 1997 with those from 1999 shows 
considerable growth in teachers' technical skills over the two years technology 
professional development activities were offered. Figure 5.1 gives the percentages of 
teachers at each stage of technology adoption in 1997 and compares these percentages 
with survey findings in 1999. Graphs are also available for visual comparison of those 
changes. Statistical analyses comparing survey results from 1997 and 1999 follow in 
Table 13. The most growth was evident in the areas of Basic Computer Organization and 
File Management. Knowledge of basic computer operations and some understanding of 
file management are critical if teachers are to make use of computers for any purpose. 
Because these skills were considered critically important for the use of computers, many 
workshops were made available to teachers focused in these skill areas. Skill 
development was supported through one-to-one mentoring and technical assistance. 
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Table 13 
Statistical Analysis of Differences Between Survey Results in 1997 and 1999 
Basic Computer Organization 
Weighted 
Scores Mean 
Most Typical 
Score 
1 2 3 4 
Number 1997 2 24 21 6 2 
Percent 1997 4% 45% 40% 11% 
Number 1999 0 0 6 49 4 
Percent 1999 0% 0% 11% 89% 
Weighted Scores 1997 2 48 63 24 137 2.5849057 
Weighted Scores 1999 0 0 18 196 214 3.8909091 
Sampling Error 1997 3% 9% 9% 5% 
Sampling Error 1999 0% 0% 4% 13% 
7ile Management 
1 2 3 4 
Number 1997 4 29 19 1 2 
Percent 1997 8% 55% 36% 2% 
Number 1999 1 1 40 13 3 
Percent 1999 2% 2% 73% 24% 
Weighted Scores 1997 4 58 57 4 123 2.3207547 
Weighted Scores 1999 1 2 120 52 175 3.1818182 
Sampling Error 1997 4% 10% 8% 2% 
Sampling Error 1999 2% 2% 12% 7% 
Word Processing 
1 2 3 4 
Number 1997 1 16 21 15 
Percent 1997 2% 30% 40% 28% 
Number 1999 0 0 19 36 3 
Percent 1999 0% 0% 35% 65% 
Weighted Scores 1997 1 32 63 60 156 2.9433962 4 
Weighted Scores 1999 0 0 57 144 201 3.6545455 
Sampling Error 1997 2% 8% 9% 7% 
Sampling Error 1999 0% 0% 8% 11% 
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Weighted Most Typical 
Spreads leet Use Scores Mean Score 
1 2 3 4 
Number 1997 40 11 1 1 1 
Percent 1997 75% 21% 2% 2% 
Number 1999 22 14 14 5 1 
Percent 1999 40% 25% 25% 9% 
Weighted Scores 1997 40 22 3 4 69 1.3018868 
Weighted Scores 1999 22 28 42 20 112 2.0363636 
Sampling Error 1997 12% 6% 2% 2% 
Sampling Error 1999 9% 7% 7% 4% 
Database Use 
1 2 3 4 
Number 1997 38 11 3 1 1 
Percent 1997 72% 21% 6% 2% 
Number 1999 33 14 5 3 1 
Percent 1999 60% 25% 9% 5% 
Weighted Scores 1997 38 22 9 4 73 1.3773585 
Weighted Scores 1999 33 28 15 12 88 1.6 
Sampling Error 1997 12% 6% 3% 2% 
Sampling Error 1999 10% 7% 4% 3% 
Graphics Use 
1 2 3 4 
Number 1997 30 18 2 3 1 
Percent 1997 57% 34% 4% 6% 
Number 1999 12 8 12 23 4 
Percent 1999 22% 15% 22% 42% 
Weighted Scores 1997 30 36 6 12 84 1.5849057 4 
Weighted Scores 1999 12 16 36 92 156 2.8363636 
Sampling Error 1997 10% 8% 3% 3% 
Sampling Error 1999 6% 5% 6% 9% 
Network Use 
1 2 3 4 
Number 1997 15 21 14 3 
Percent 1997 28% 40% 26% 6% 2 
Number 1999 4 11 22 18 
Percent 1999 7% 20% 40% 33% 3 
Weighted Scores 1997 15 42 42 12 111 2.0943396 
Weighted Scores 1999 4 22 66 72 164 2.9818182 
Sampling Error 1997 7% 9% 7% 3% 
Sampling Error 1999 4% 6% 9% 8% 
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Weighted Most Typical 
World Wic e Web Use Scores Mean Score 
1 2 3 4 
Number 1997 17 33 2 1 2 
Percent 1997 32% 62% 4% 2% 
Number 1999 7 38 5 5 2 
Percent 1999 13% 69% 9% 9% 
Weighted Scores 1997 17 66 6 4 93 1.754717 
Weighted Scores 1999 7 76 15 20 118 2.1454545 
Sampling Error 1997 8% 11% 3% 2% 
Sampling Error 1999 5% 11% 4% 4% 
Student Assessment 
1 2 3 4 
Number 1997 28 24 0 1 1 
Percent 1997 53% 45% 0% 2% 
Number 1999 8 41 2 4 2 
Percent 1999 15% 75% 4% 7% 
Weighted Scores 1997 28 48 0 4 80 1.509434 
Weighted Scores 1999 8 82 6 16 112 2.0363636 
Sampling Error 1997 10% 9% 0% 2% 
Sampling Error 1999 5% 12% 3% 4% 
Ethical Use Understanding 
1 2 3 4 
Number 1997 4 36 8 5 2 
Percent 1997 8% 68% 15% 9% 
Number 1999 2 10 31 12 3 
Percent 1999 4% 18% 56% 22% 
Weighted Scores 1997 4 72 24 20 120 2.2641509 
Weighted Scores 1999 2 20 93 48 163 2.9636364 
Sampling Error 1997 4% 11% 5% 4% 
Sampling Error 1999 3% 6% 10% 6% 
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Considerable growth in Basic Computer Organization and File Management suggests 
that district teachers made the necessary commitment to learn the skills essential for 
using computer technology. The research literature on technology adoption indicates that 
understanding basic computer operations and file management will also be enhanced 
when teachers spend time working with their computer equipment at school and/or at 
home. Teachers were given the opportunity to take computers home during long vacation 
periods and over the summer months, and many of the teachers took this opportunity to 
have a computer in their home for the first time. Having their classroom computer at 
home over vacation periods meant that teachers could work with the machines at their 
leisure, rather than trying to find time away from their teaching responsibilities. Teachers 
reported using their computers at home over the summer months to experiment with 
software programs, to become familiar with the district's computer-based report card 
templates, and to develop curricula. Several teachers stated that having their classroom 
computer at home over the summer months was such a positive family experience that 
they decided to purchase a home computer for the first time. 
Comparisons of surveys done in 1997 and again in 1999 also show overall growth in 
teachers' word-processing skills. In response to the original needs assessment, teachers 
rated word processing (Publishing and Productivity) as a high priority for professional 
development. From 1997 through 1999 professional development opportunities focusing 
on word processing, publishing, and written productivity were offered in the form of 
workshops, teacher mentoring, and team teaching. Survey results from 1997 showed 32 ^ 
of teachers to have very weak word-processing skills with findings placing them at Stage 
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1 or Stage 2. All of the teachers surveyed in 1999 rated their skills at Stage 3 or Stage 4, 
and 37% more teachers rated their skills at Stage 4 than in 1997. Survey results indicate 
that teachers' skills advanced to the stage that they were able to use word-processing 
software in their own work, and teach word processing to their students. 
The gains made by teachers in the use of spreadsheets were more limited. In 1997 
75% of teachers reported skills at Stage 1. These findings indicate that three-fourths of 
the teachers surveyed could not use spreadsheet programs and were not able to identify 
how the use of spreadsheets might benefit their students. By 1999, the percentage of 
teachers whose spreadsheet skills were at Stage 1 dropped from 75% to 40%. Twenty- 
five percent of teachers in 1999 rated their skills as Stage 2, and thirty-four percent of 
teachers rated their skills as Stage 3 or Stage 4. Findings show many more teachers able 
to use spreadsheets for their own work and to teach spreadsheet use to students. Over the 
two years from 1997 to 1999, only eight workshops were offered that focused on the 
spreadsheets Microsoft Excel and Sunburst's Cruncher. However, teachers also took 
advantage of team teaching and mentoring sessions to learn how and when to use 
spreadsheets in their teaching. 
Database Use was an area of very little growth among teachers, but was 
correspondingly an area where no workshops were provided and where no other types of 
professional development opportunities were offered. While teachers in 1997 identified 
Data Manipulation as an area where they had very few skills, database use was not 
determined to be among their priorities for professional development. 
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In the area of Graphics Use, survey results show a large group of teachers making 
considerable progress in skill development. From 1997 to 1999 there was a 54% increase 
in the number of teachers rating their skills at Stages 3 or 4. At stage 3 teachers are able 
to use graphics in their written work to clarify and amplify their message. Teachers 
whose graphics skills are at stage 4 are able to teach their students to use graphics in their 
work. 
Findings in the area of Graphics Use also show that 22% of the teachers surveyed 
never progressed beyond Stage 1 in their skill development. While this number is down 
from 57% in 1997, these findings show many teachers to lack an understanding of how or 
when to use graphic images. The complex nature of using graphics may account for some 
of the disparity among teachers in their skill development. In order to use graphics, 
teachers must understand how to access images from CD-ROMS or the Internet, or they 
must learn to create graphics using software designed for drawing and graphic design. 
Once a desired graphic image is located or created, the teacher must understand how to 
embed the image into a document. Every software program requires teachers to learn a 
slightly different way of embedding graphic images. Thus, learning to use graphics is 
relatively complex. It requires considerable understanding of basic computer operations 
and file management, as well as advanced knowledge of word-processing or publishing 
software. 
Between 1997 and 1999, ten workshops were offered that involved use of graphics. In 
each of these workshops, the use of graphics was taught along with other software 
programs including presentation programs (e.g., PowerPoint), word-processing programs 
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(e.g., Microsoft Word, Microsoft Publisher, and EasyBook by Sunburst 
Communications), and webpage design (e.g., Claris Homepage and FrontPage). Several 
workshops focused on capturing graphic images from the World Wide Web for later use 
in documents, and two workshops included training in the creation of graphic images 
using Microsoft Paint and Microsoft Image Composer. Survey results showing that many 
teachers progressed to Stages 3 and 4 in their skill development attests to the usefulness 
of graphic images in elementary schools. However, the comparative difficulty of 
inserting graphics into documents may account for the large number of teachers whose 
skills remained at Stage 1. 
Survey results show teachers to have made remarkable gains in their use of computer 
networks. In 1997, twenty-eight percent of teachers surveyed were at Stage 1, indicating 
that that they did not use networks or online resources and could not identify any features 
of a network that would be useful in their work. By 1999, only seven percent of teachers 
surveyed remained at Stage 1. There was also a 41% increase in the number of teachers 
identifying their skill levels as being Stages 3 or 4. Many of these teachers indicated that 
they had begun using networks and telecommunications with their students. The gains 
shown in the use of networks is remarkable in part because computer networks in the 
school district really became functional only late in 1998 and were not perfected until 
1999. While there were nine workshops offered on the use of school networks, these were 
all offered in the late spring semester of 1999. Teachers actively sought out assistance to 
learn the use of school networks. Networking was the focus of a high percentage of 
mentoring sessions in 1999, and teachers frequently requested team teaching assistance 
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for lessons that utilized network and Internet resources. Findings show the use of 
networks to have caught on quickly among teachers, who undertook to gain networking 
skills as soon as the technology became available. 
World Wide Web Use showed limited growth from 1997 to 1999. The number of 
teachers who did not use the World Wide Web and were functioning only at Stage One in 
their skill development in 1997 was 32%. By 1999, 13% of teachers surveyed remained 
at Stage One. Most teachers surveyed in both years were at Stage Two (62% in 1997 and 
69% in 1999). These teachers indicated that they could navigate the World Wide Web as 
well as use search engines to find information. However, among teachers who reported 
they could use the World Wide Web, there was an increase of only 7% between 1997 and 
1999 in the number who created and used their own class webpages. This small increase 
occurred despite a large number of workshops on making webpages (28) that were 
offered in the district during the two years of technology professional development. 
During the 1997/1998 school year, the district received a special grant to reimburse 
teachers for developing their own webpages. Teachers' webpages were to be incorporated 
into school websites that were developed by expert consultants. Grant money paid for 
workshops and also for mentoring support provided to teachers on a one-to-one basis 
after school hours. While many teachers took advantage of training opportunities, they 
found the demands of creating and maintaining class webpages to be overwhelming. This 
is the only case noted where survey results showed little or no progress in teachers' skill 
development despite access to a variety of professional development opportunities. 
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In the area of Student Assessment, survey results show most teachers to have 
advanced from Stage 1 to Stage 2 skill levels. In 1997 fifty-three percent of teachers 
reported that they did not use the computer for student assessment. By 1999 only 15% of 
teachers reported that they did not use the computer for student assessment. By 1999, 
75% of teachers surveyed indicated that they kept some student-produced work on their 
computers and used computers to write student evaluations and letters to parents. 
However, very few teachers in the district (4%) used electronic gradebooks or kept 
computer-based portfolios of student work. Only 7% of teachers used computers to track 
student objectives and outcomes to determine assignments, teaching strategies and/or 
student groupings. 
Between 1997 and 1999 eleven workshops were offered on use of computers for 
Student Assessment. The majority of student-assessment workshops focused on use of 
the district's computer-based report card template. The district actively encouraged 
teachers to use these computer-generated report cards and asked teachers to keep copies 
of report cards stored in secure files on the network. Use of the district's report card 
template requires Stage 2 computer adoption skills, which is where 75% of the teachers 
surveyed in 1999 classified their skills with Student Assessment. This represents 
considerable growth when compared to survey findings from 1997. Growth in skills 
among teachers appears to result from the district's policy of actively encouraging use of 
computer-based report card templates, combined with training through a variety of 
professional development opportunities. Though several of workshops were offered 
which focused on use of electronic gradebooks, the necessary gradebook software was 
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not made universally available to teachers in the district. No workshops designed to help 
teachers develop and maintain computer-based student portfolios were offered in the 
district during the two years of this study. 
Growth in understanding of ethical issues was evident in survey results. By 1999, 78% 
of teachers surveyed indicated that they were aware of licensing restrictions on software 
and said they demonstrated ethical use of software. Many teachers had developed a 
personal philosophy regarding the use of technology that they could articulate to their 
students. 
Rather than using standard professional development procedures such as workshops or 
study groups to build ethical-use understanding among teachers, the district library/media 
specialists determined that it was their responsibility to help teachers understand 
copyright restrictions. Software was distributed to teachers in a manner similar to other 
materials with copyrights. In addition, media specialists distributed written updates to 
keep teachers informed about available software and license restrictions. When networks 
became fully functional in each building, software distribution based on licensing became 
much easier. Only those software programs for which the district held a license were 
made available on the network. Teachers could use supplementary software programs 
that were made available in each school's library on CD-ROM, but they could not install 
software on the hard drives of their computers. 
Survey results provide a picture of the average elementary teacher's technology skills 
in 1999. Using the most typical scores (modes) in combination with means of weighted 
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scores, the following profile was developed. In 1999 the typical teacher was able to set up 
computers by plugging in component parts and peripheral devices. Loading software and 
using basic features of the operating system such as the FIND command, the Control 
Panel, and the Recycling Bin were no longer problematic. The typical teacher considered 
computers to be important for professional work and felt confident enough to use 
computers with students. The typical teacher had developed a filing system for 
organizing important files on the computer’s hard drive and could locate files quickly and 
reliably. The typical teacher used word-processing programs with students as a regular 
part of the curriculum. In 1999, the typical teacher could create and format simple 
spreadsheets, write formulas to analyze data in spreadsheets and produce graphs or 
charts. Database programs were not employed for teaching. However, the typical teacher 
in 1999 did use computer graphic images to clarify or amplify messages in documents. 
The typical teacher in 1999 used networks to access professional and personal 
information from a variety of online sources including electronic libraries, the ERIC 
database, and the World Wide Web. Personal email accounts were used regularly, as 
were search engines to find information on the World Wide Web. However, the typical 
teacher did not integrate use the Internet and email into instructional practices with 
students, nor did the typical teacher use self-created webpages despite access to 
professional development and sufficient computer network resources. 
The typical teacher in 1999 reported using computers for student assessment, with 
some student-produced materials stored on the computer. Computers were used for 
student evaluations, letters to parents, and other professional communication. In 1999, the 
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typical teacher used the school district's computer report card template for grading. 
Electronic gradebooks and computer-based student portfolios were not used. The typical 
teacher in 1999 reported having an understanding of copyright laws relating to computer 
software, knowledge of district licenses for software, and the ability to communicate a 
personal stand on legal and moral issues involving technology to students. 
Teacher Interviews 
Interviews of teachers within the school district were used to further elaborate the 
question, "What changes occur in teachers' technical skills when they participate in 
professional development?" Interviews were also used in an effort to answer the question, 
"What changes occur in the ways teachers use computers for instruction when they 
participate in professional development?" 
Twenty-two interviews of certified teachers were completed in the school district. 
Efforts were made to select classroom teachers for interviews from all four elementary 
schools in the district and from all grade levels, kindergarten through sixth grade. 
Additional selections were made from specialized teaching staff including language arts 
specialists, technology teachers, special needs teachers, and ESL (English-as-a-Second 
Language) teachers. 
The sample of teachers selected for interview was randomized by pulling names from 
a hat. The names of all teachers working at a specific grade level in district schools were 
thrown into a hat together. Two teachers were selected from each of the grade levels, 
Kindergarten through fourth. Because of a district-wide emphasis on the use of 
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computers with older elementary school students, more teachers at the upper grade levels 
were interviewed. Four fifth-grade teachers were selected for interview, plus five sixth- 
grade teachers. Efforts were made to contact each teacher selected for a one-week period 
of time. Phone calls were made to each of the selected teachers and a follow-up letter 
placed in their school mailboxes. If contact could not be made within one week or if the 
teacher felt unable to participate, another name was randomly selected from that grade 
level or teaching specialty. A large number of random selections happened to come from 
the largest school (School 2) because of its size relative to the other schools. The schools 
differ considerably in size, with School 2 having nearly twice as many teachers as two of 
the others. Near the end of the selection process, teachers from School 2 were eliminated 
from the selection pool in order to ensure that teachers from all four schools were 
interviewed. 
Interviews were conducted from January 1999 through July 1999. From the total 
number of classroom teachers in the school district, twenty-two were chosen using the 
random selection procedures described previously. Though efforts were made to 
interview as many teachers as possible during the seven month period noted above, time 
constraints did not allow for all certified teachers in the school district to participate in 
interviews. 
Interview sessions varied from 45 minutes to 2 hours. All interviews were tape 
recorded in order to ensure a reliable record of the participants words. It was also felt that 
tape recording would benefit the participants by allowing them to speak as rapidly as they 
wanted without having to stop or repeat key points. One interview tape of a fourth grade 
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teacher was inadvertently destroyed by the tape recorder in the process of translation. As 
a result, this interview had to be eliminated, reducing the final number of fourth grade 
teachers and the total number of interviews used in the study. 
Questions which were used to guide teacher interviews can be found in Appendix E. 
Through the interview process, an effort was made to understand the experience of 
teachers as they struggled to learn a variety of technical skills well enough to integrate 
computers into their teaching practices. Questions sought information about the kinds of 
professional development activities and experiences that assisted teachers with this 
process. Teachers were also asked to describe how they were using computers in their 
teaching. Finally, teachers were asked to describe the kinds of professional development 
experiences they felt would best support them as they continued their efforts to integrate 
technology into their teaching practices. 
All interview tapes were transcribed fully. Initial transcriptions were made from tape 
recordings using a computer-based word processing program. Most non-verbal signals 
including coughs, laughs, sighs, pauses, and interruptions were transcribed along with the 
participants' words. Once the transcriptions were complete and had been re-read, a second 
copy was made and used to mark all passages that were related to research questions. To 
mark passages, the highlighting function of the word processing program was used. 
Marked passages were then copied from the transcription to create a more concise profile 
for each participant. Efforts were made to include as much of each interview as possible. 
All data were included in the interview profile that referred to the following categories: 
classroom instruction; teaching pedagogy; professional development; technology of any 
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kind including hardware, software, and other technology resources; networking and the 
Internet, student work, student learning; lesson plans; conferences and expositions; 
school administration; and school improvement. Researcher judgment was used to 
determine those sections of each transcript to be eliminated. The decision was made to 
eliminate all interview data that referred to specific students or other staff members by 
name. Discussions that were completely off topic were also eliminated. 
Examination of the off-topic discussions eliminated from teacher profiles showed the 
following to have been removed: 
• Discussions of teachers' personal and/or family problems 
• Conflicts with administrators and/or other staff members not related to the use of 
technology 
• Future school remodeling plans 
• Future resource purchasing plans 
• One very lengthy description of how to use a specific software program 
The next step in preparing interview profiles involved editing the "copy and paste" 
transcript with the goal of reducing material to interesting and important points while 
maintaining the words of the participants and their meaning. Removing direct references 
to the specific school where each participant worked was done to protect the identity of 
participants. Specific references to other staff members and students were also removed 
from profiles. Finally, transcripts were further edited to make them more easily readable. 
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The edited profiles for each of the twenty-one participants can be requested from the 
author of this study. Important excerpts from interviews were marked and the content 
tentatively labeled. Connections between participants' experiences were noted. As the 
process of marking, labeling and grouping excerpts continued, certain phrases were 
observed to describe participants' experiences and ideas. These descriptive phrases were 
used as labels for interpretive categories. Labels remained tentative until all interviews 
were processed. Categories arose out of the interview data through the processes of 
winnowing and sorting. There were no pre-defined categories into which the data were 
categorized. Repetitions of experiences and ideas were recorded and viewed as giving 
extra weight to categorical divisions. 
Thematic Connections In Interviews 
Ten categories became evident in the teacher interview data. Within each of the ten 
themes, a number of different topics were observable. 
Table 14 
Summary of Interview Categories 
1. Teaching With Computers 
2. Technical Skills Development 
3. Workshops on Technology 
4. Software Issues 
5. Professional Uses Of Computers 
6. Technology Curriculum 
7. Team Teaching With Technology 
8. Study Groups 
9. Equipment Concerns 
10. Mentoring 
32 topics Referred To 210 Times 
24 topics Referred To 191 Times 
15 topics Referred To 86 Times 
15 topics Referred To 93 Times 
14 topics Referred To 110 Times 
12 topics Referred To 57 Times 
8 topics Referred To 35 Times 
7 topics Referred To 27 Times 
6 topics Referred To 31 Times 
4 topics Referred To 41 Times 
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These ten categories and a complete listing of all topics/excerpts within each Category 
are provided in Table 15, which follows. 
Table 15 
Summary of Statements Made in Interviews bv Teachers 
# Times 
Referred To 
Teaching: Uses computers for writing 19 
Teaching: Students are highly motivated to work at the computer 16 
Teaching: Uses Computers in math 13 
Teaching: Uses computers for research (encyclopedias and Internet) 13 
Teaching: Uses Computers in language arts. 12 
Teaching: Students use for games and simulations 12 
Teaching: Uses computers in science 10 
Teaching: Computer can be integrated into all curriculum areas 10 
Teaching: Uses computers in social studies 10 
Teaching: Students need more work on the important primary skill 
of writing with computers 
8 
Teaching: All students need regular keyboard instruction 8 
Teaching: Using email with students for correspondence 7 
Teaching: Uses computers to provide practice in specific skill areas 7 
Teaching: Issues of equity in student access 6 
Teaching: Poor Keyboarding skills of students interfere with writing 6 
on computers 
Teaching: Students teach each other 6 
Teaching: Use of computers important for students with 
poor handwriting skills 
5 
Teaching: Need for projection equipment for best teaching 5 
Teaching style has moved toward coaching (guide at the side) 
when using computers 
5 
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Teaching: It is important to give software to students to try 
before making decisions to use 
5 
Teaching: Children with computers at home have more skills 
than those who don't 
4 
Teaching: Use of computers important for students with 
poor organizational skills 
4 
Teaching: The need for students to work cooperatively on 
computers. Social aspects of using computers 
3 
Teaching: Issues of free time computer use by students 3 
Teaching: The importance of being involved in Internet projects 3 
Teaching: Students must be taught to take care of 
computer equipment 
2 
Teaching: Would not replace teacher time with small groups to 
have them use computers 
2 
Teaching: Teacher lets students dictate written work while she 
types on keyboard 
2 
Teaching: More access to SPED software like voice 
recognition programs 
2 
Teaching: Using technology to help prepare students for 
state achievement tests 
1 
Skills: Hands on experience is important for learning skills 20 
Skills: Technical skills have advanced as the result of 
professional development 
19 
Skills: Important to have technology specialists for assistance 
when needed 
19 
Skills: Knowledge of software has advanced as the 18 
result of professional development 
Skills: Having more access to computers in school has contributed 
to skill development 
18 
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Skills: The need to change from Apple Computers to 
IBM compatibles has had impact 
11 
Skills: Teacher reports having not learned as much is needed 
through professional development 
9 
Skills: Having more access to computers at home has contributed 
to skill development 
9 
Skills: Teachers use computers but would like to do many more 
things with them 
9 
Skills: Training has led to increased confidence about trying 
new things 
9 
Skills: Skills have advanced significantly to a high comfort level 
with technology 
8 
Skills: Knowledge of how to teach with computers has advanced 8 
Skills: Time issues constrain learning of new computer skills 7 
Skills: The rapid change in technology has had an impact on 
computer skill development 
6 
Skills: Demands of teaching schedule make workshop 
attendance difficult 
6 
Skills: Personal issues make workshop attendance difficult 3 
Skills: Because of poor skills, prefers other staff work with 
students using computers 
3 
Skills: Continued needs for beginner computer courses 2 
Skills: Teacher is now "multi-platformar - knows Apple 
and PC computers 
2 
Skills: Making technology a goal in MBO's helped ensure a 
focus on skill development 
1 
Skills: Using a manual supports skill development 1 
Skills: Access to good computer support has meant teacher 
does not learn important skills 
1 
Skills: Help line important when troubleshooting computer problems 1 
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Skills: Teacher is not using computer lab with students because 
of poor lab skills 
1 
Workshops: Have been important for skill development 18 
Workshops: Took lots of initial workshops focused on technical 
skill development 
9 
Workshops: Likes workshops focused on exploring a 
variety of software 
9 
Workshops: Likes comprehensive list of workshops with a 
variety of topics and times 
8 
Workshops: Would like more training focused on 
integrating computers into curriculum 
8 
Workshops: Uses notes and handouts from workshops 7 
Workshops: Liked workshops scheduled during vacations 7 
Workshops: Likes short afternoon help sessions 6 
Workshops: Wants workshops focused on using computers 
for grading and record keeping 
2 
Workshops: Liked Workshops scheduled during school day 
with substitutes 
2 
Workshops: Likes teachers to be reimbursed for vacation time 
spent learning technology 
1 
Workshops: Enjoys advanced workshops experiences 
"Train-The-Trainer" 
1 
Workshops: Online Workshops would be nice to facilitate learning at 
home at leisure 
1 
Software: Chooses software based upon experience in workshops 16 
Software: Asks technology specialists for guidance in 
choosing software 
15 
Software: Finds software by talking to other teachers 13 
Software: Would like copies of software programs to try out 9 
Software: Wants a published list of available software 6 
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Software: Teaching students those software tools they 
will use throughout schooling 
6 
Software: Need software Lists organized by grade level and 
skills taught 
5 
Software: Curriculum Day in the district should be devoted to 
looking at software 
5 
Software: Students help teachers select and learn about software 5 
Software: Teacher uses only those software programs provided 
on the computer 
4 
Software selections are made based upon the company reputation 4 
Software: Certain programs require more workshop time and 
hands-on experience 
2 
Software: Teachers use their own money to buy software they want 1 
Software: Use very little if any software outside of 
word-processing with students 
1 
Software: Develop a lending library of software students 
can take home 
1 
Professional Uses: Computers used for professional report writing 15 
Professional Uses: The Internet as a research tool 13 
Professional Uses: Spreadsheets 12 
Professional Uses: Email for correspondence 12 
Professional Uses: Computers for making teaching materials 11 
Professional Uses: Can not do professional work without a computer 10 
Professional Uses: Computers for correspondence such as letters 
and memos 
10 
Professional Uses: Organizes and keeps track of student data 
of all kinds 
9 
Professional Uses: Cooperative writing with other staff 5 
Professional Uses: Website to help organize and access student work 4 
Professional Uses: Computers for generating report cards 3 
137 
Professional Uses: Website for communication to school community 3 
Professional Uses: Organization, access, and storage of 
professional work 
2 
Curriculum: Ensuring that students have the skills they need 9 
Curriculum: Specific ideas needed about ways to use computers 
with existing Curriculum 
6 
Curriculum: more emphasis on logical progression of skills 
through grade levels 
5 
Curriculum days should be used for discussions of 
technology integration 
5 
Curriculum: Issues of organizing instruction around use of computers 5 
Curriculum: Questions the real place of computers in the education 
of students 
3 
Curriculum: Time issues related to instruction of students 
on computers 
3 
Curriculum: more acknowledgment that use of computers is 
"time on learning" 
2 
Curriculum: Use of website to motivate students in writing 2 
Curriculum - The use of Alpha Smart Pros for teaching writing 
(hand held word Processors) 
1 
Find successful practices in other school districts and repeat them 1 
Sharing with teachers from other schools important for 
understanding teaching with technology 
7 
Team Teaching is important for skill development 6 
Team Teaching helps with learning to integrate computers 
into curriculum 
6 
Team teaching in the classroom allows for more sharing of ideas 6 
When kids have Computer specials, teachers are not there and 
are not learning computer skills 
3 
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Team teaching provides the necessary staff to teach groups 
effectively in the computer lab 
3 
Access to a network of computer using teachers 
in the building has been supportive 
3 
Team Teaching: wants schedule posted of what is being taught in 
lab so can help 
1 
Study Groups: Learned from participation 6 
Study Groups: Wants more study groups about technology integration 6 
Study Group: Sharing ideas about software 6 
Study Groups: Made software decisions with group 5 
Study Group: Discussions resulted in planing technology needs 
for the future 
2 
Study Groups: Scheduling problems 1 
Study Groups: enjoyed sharing ideas about computer 
use with students 
1 
Equipment: Needs more access to computer equipment in all 
areas of the school 
9 
Equipment: Needs more computer equipment in the classroom 7 
Equipment: Scheduling issues in the computer lab 6 
Equipment: Need for equipment to be completely reliable 4 
Equipment: One computer in the classroom is too few. 4 
Equipment: Internet access needs to be completely reliable and faster 1 
Mentoring: Has been important to skill development 15 
Mentoring: Relies on One to one technical assistance 15 
Mentoring: Technology specialists are a support system 
helping develop confidence levels 
9 
Mentoring: More effort toward identifying "who is doing what" 
so others can learn 
2 
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Results of Interviews: 
Changes In Teachers' Technical Skills 
Interview data provided insights into the changes in teachers' technical skills following 
their participation in professional development. All of the teachers interviewed reported 
some growth in technical computer skills. Statements such as those following were 
common: 
"My personal skills have changed. I use a computer now." (sixth-grade teacher) 
"In the past two years I have changed from being computer aware to computer literate. 
That's how I feel." (fifth-grade teacher) 
"There were lots of times when I first got the computer in school that I would go to the 
computer lab to ask for help. I know I've learned things. I feel like I'm able to do what 
I want to do right now." (kindergarten teacher) 
Teachers attributed their technical skill development to access to computer equipment 
combined with professional development that focused on technical skill development. 
These excerpts from teacher interviews highlight the importance of access to computers 
for technical skill development: 
"I didn't know anything about IBM compatible computers at all two and a half years 
ago. Now I'm probably into the advanced level because of the time I spend using 
them. I've done learning on my own and have taken classes. As a result, my skills have 
increased dramatically." (special needs teacher) 
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"I had no exposure to IBM computers at all before we got them in school. Since 
getting a PC in my classroom, I'm much more willing to go in and try things than I 
used to be. With the PC, I used to feel like I had to call in a professional because I 
wouldn't be able to figure it out. Now I'm feeling more confident about working with 
problems because I have learned that there is quite a bit of troubleshooting I can do. 
Overall, I'm much more computer literate than I was two years ago, but I still want to 
learn more." (third-grade teacher) 
"My skills had to change. I used to use a MAC and I had to learn to use the IBM PC's 
that we have in school. I learned most from taking time to focus on the computer, but 
also from participating in staff development training sessions." (second-grade teacher) 
"Beyond the help I have received through professional development, I think it's been 
spending every day in the computer lab that helped me increase my skill level 
incredibly. I feel very comfortable when a problem arises. I feel like if I take the time 
and think it though, I can solve most of the problems." (technology teacher) 
In their interviews teachers described district-sponsored professional development as 
having been helpful and/or supportive for them as they worked to develop the technical 
skills they would need to teach with computers. 
"I feel the school’s professional development program gave me the skills and the 
understanding I needed to use the computer and I feel confident enough from inside 
myself to easily solve the problems that I find. The professional development program 
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went beyond teaching me one program into helping me understand how the computer 
works." (fifth-grade teacher) 
"My skills have definitely changed because of all the professional development I took 
last year in school. I believe I took everything offered." (technology teacher) 
"Over the last two years I have gone to a number of computer workshops at school. I 
had a large learning curve for both Windows and Word, but I learned so much in both 
of those sessions that it has let me keep going. Workshops are a great way to go. 
Participants can ask questions, 'How do you do this? How do you do that?' You get the 
information you need quicker." (fifth-grade teacher) 
"The idea of teachers getting paid for attending workshops during vacation was 
motivational for a lot of people and it was fun. I think that the same teachers probably 
would not have gone to the vacation workshops if they had not been paid. It just felt 
like, for a change, staff development was acknowledging that the time was our own 
and that our time was valuable. I do think it is nice to have work acknowledged in 
some way. I'll keep learning whether I'm paid or not, but being paid gives that little 
extra motivation. If people are uncertain... that's when being paid will push some to do 
the workshops and maybe they'll get some enthusiasm from participating." (third- 
grade teacher) 
"A year ago we had that curriculum day where there were different computer stations 
and workshops set up. I loved that because I got to try out a couple of software 
programs I was interested in." (specials needs teacher) 
"I was involved in the SPED Technology study group. The people worked at learning 
some programs. We had meaningful discussions about software that was good and 
software that we didn't think was good. It gave us time together to talk and think about 
technology and to educate ourselves." (special needs teacher) 
"The study groups we did this year were very helpful. I saw some software programs 
that I wouldn't have seen unless I had been a member of a study group. It was helpful 
for me to hear what teachers thought was appropriate for their students and what they 
wanted their kids to learn. Then I can come back and help the students learn to use the 
programs." (technology teacher) 
Nine of the twenty-one teachers interviewed stated that having access to a computer at 
home contributed to their technical skill development. Most of these teachers found 
having a home computer very useful in their professional work, particularly when it was 
similar to the computers they used in school: 
"My computer at home is formatted just like the one at school and that is really 
helpful. I feel like I can then work at my leisure. I get up early, put work the kids have 
done on the computer, make suggestions parenthetically; and later they can review my 
feedback on the computer at school. All this saves paper and it's lots of fun. The kids 
really like it. They can put their disks in, see exactly what I'm referring to and they can 
fix it instantaneously...or if they can't fix it instantaneously we can both sit there in 
front of the computer screen and have some fun trying to edit and rearrange the 
writing." (sixth-grade teacher) 
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Eleven teachers reported that having to change from using Apple Macintosh 
Computers to using IBM Compatibles had a negative effect on their skill development. 
Four of these teachers had Apple Macintosh computers at home, and found the demands 
of changing from using the Macintosh operating system to Windows at school resulted in 
some confusion and frustration. One teacher noted how rapidly change occurs in 
computer technology and observed a correlated need for teachers to constantly update 
their computer skills. 
"When we got IBM compatible computers in school two years ago I had to go through 
a learning curve because though I had computer experience, it had been on a 
Macintosh. Therefore, I was in the position of having some computer knowledge but 
having to learn about and translate what I knew on the Mac to the PC. I'm still getting 
used to the word processing programs on the PC as opposed to ClarisWorks on the 
Mac." (fifth-grade teacher) 
"We have a Mac and an IBM at home. I stopped using my Mac and transferred to my 
husband's PC. Since I started using the PC at home more often, my comfort level has 
increased." (special needs teacher) 
"Now I am 'multi-platformal'. I still have a great affinity for the Mac, but I like using 
the PC at school. PC's are what most of the kids have at home so they're happy....I 
find it pretty easy to go back and forth between the two computer platforms." (sixth- 
grade teacher) 
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Time issues were cited seven times as reasons for reduced skill development. Teachers 
reported not having the time to attend as many workshops as they would like because of 
the demands of their teaching schedule, their other commitments at school, personal 
problems, and commitments outside of school. Three teachers noted problems finding 
time for planning technology-based lessons with students and insecurity about the 
implementation of technology-based instruction. Two teachers admitted to having limited 
motivation when it came to learning computer skills: 
"Time is my problem when it comes to learning more computer skills. If a workshop 
or professional development opportunity catches my eye and I would like to try it, 
there's still a question of where to put it on the priority list." (sixth-grade teacher) 
"I don't really feel as comfortable with the Internet as I should. I just don't sit down 
and play, nor do I have the motivation to spend my time searching for information. If I 
was intrinsically motivated I might do it." (fifth-grade teacher) 
Fifteen of the twenty-one teachers interviewed reported using computers for 
professional tasks such as report writing, email correspondence, and research. Computers 
are used for creation curriculum materials (lesson plans, tests, assignment sheets, etc.) 
and for providing access to materials across school networks or the Internet. Nine 
teachers noted improved organization when they used the computer for storing and 
accessing files. Two teachers also noted that using a computer facilitated the process of 
cooperative writing among groups of teachers for projects such as grant writing and 
curriculum development. 
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Results of Interviews: 
Changes in the Ways Teachers Use Computers for Teaching 
Interviews were also used in an effort to answer the question, "What changes occur in 
the ways teachers use computers for instruction when they participate in professional 
development?" 
Nineteen of the twenty-one teachers interviewed indicated that they used computers 
with students for writing. Thirteen teachers initiated conversation about the use of math 
software, thirteen initiated conversation about the use of language arts software with 
students, and ten teachers reported using computers as part of social studies or science 
projects. Two teachers of younger students (kindergarten and first grade) expressed 
feelings that computer use should not replace other kinds of instruction. One language 
arts teacher reported that she would not replace her time working with small groups to 
have the students use computers. Sixteen teachers observed that their students were 
highly motivated to learn with computers, and for many of these teachers, student interest 
provided an incentive to increase the time they spent using computers for teaching. 
Comparisons between interview protocols revealed qualitative differences in the ways 
computers were used for teaching. A continuum could be described with teachers falling 
in three broad categories. At one end of this continuum were teachers who gave full 
responsibility for computer-based instruction to their building technology specialists. In 
the middle of the continuum were teachers who described using software to provide 
practice activities in specific skill areas. At the far end of the continuum were teachers 
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who described full integration of computers and a variety of software tools into the 
classroom curriculum. The following statements made by teachers during interviews 
more fully detail differences in the ways computers were used in teaching. 
Two teachers described being pleased with the ways their students were using 
computers when they were with technology specialists, but they did not assume the 
responsibility for teaching their students to use computers or integrate computers into 
their own teaching practices: 
"I always have half my students go to the computer lab rather than the whole class, 
and in most cases the paraprofessional has gone with the children when it's their 
computer time. I have stayed with the other half of the children. This gives me 10 or 
15 minutes of serious work with the small group of students who are left in the 
classroom. Because I have so little time in the computer lab to observe what the 
students are doing, my professional growth with computers has been more limited than 
I would like.” (kindergarten teacher) 
"My students go to the computer lab one period every two weeks where they are under 
the supervision of the technology teacher...They primarily play games during this 
aesthetics time. I'm sure these are interesting educational games, but the students don't 
work on something we're doing in class.” (sixth-grade teacher) 
Six of the teachers interviewed reported using computer software to provide learning 
experiences for their students, but did not really use the computer as an integral part of a 
lesson or unit of study. These teachers described using computer software more for 
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practice or as a classroom activity to reinforce skills that were being taught primarily 
through other methods. 
"Most [of my] computer use is still peripheral. I don't start with the idea that I'm going 
to teach a unit through computers. Use of computers is an additional, added piece. 
...In my class students have the option of handing in homework using the computer to 
write, spell check and print. They are allowed to add captions, title decorations, and 
that kind of stuff to their writing. The students also have the option of using 
PowerPoint to do science and reading projects." (fifth-grade teacher) 
"Using computers is a little bit 'time on learning' but also a little something extra 
added to the curriculum. I feel like I certainly want them [the students] to be 
comfortable on computers. I want the kids to start using them in a parallel way to the 
other things that we do in our classroom...On the classroom computer I have certain 
programs that the kids can use for choice time. Right now we are using Sunbuddy 
Math Playhouse. They like that and they mostly play the games on that... I have in the 
past used New Kid On The Block. It is an interactive book so you can highlight the 
word and the program illustrates it." (first-grade teacher) 
"I like using Wiggle Works with the hard of hearing kids. We have reading books to 
accompany the software and the kids love it because there are so many things they can 
do with the software. They get through one book and then there are extension 
activities for that book. The program can also be used creatively, allowing children to 
develop their own activities. Children think, 'I can decide to do this today. I finished 
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the book yesterday and today I want to_[The students can choose an 
activity]." (special needs teacher) 
Six of the interview profiles were distinguished from others by the central nature of 
computer use within a unit or lesson. In these interview protocols teachers describe 
technology as an important learning tool, integral to task completion and construction of 
knowledge. 
"At the beginning of the school year, I wanted my students to do some writing, 
something creative and exciting, so we started the year with PowerPoint projects. We 
created autobiographies so that we could all get to know each other better. I taught 
them how to use PowerPoint and how to use its outline feature. Then we started to 
work with the graphics part of PowerPoint to import graphics from the hard drive and 
from the Internet...There was lots of instructional time required, but a lot of skills 
were learned. We then used PowerPoint all year. We've done health projects and 
projects on ancient civilizations, and I've used it for some instruction as well. Last 
Friday, when introducing them to our 2-day camping trip, I created a PowerPoint 
presentation with slides on 'Do's and Don'ts'. We brought two sixth grade classes 
together to watch the presentation at the end of the day on Friday, and everybody's 
attention was focused tightly on the screen. I'm pretty happy I've got use of a 
projector." (sixth-grade teacher) 
"I've been using the [computer] lab a lot lately to have all my students write short 
stories...We had been reading books by Jane Yoland. Her books are based on research 
149 
about the real world. I thought my students should do the same kind of research 
because they all like her book so much...One student is doing a story about a queen, 
so using research about real castles and the middle ages has to be part of the story. I 
wasn’t asking them to look for hard data. I wanted them to find things on CDs and on 
the Internet that they could interpret and use in the stories. One student found out that 
a particular castle only had three floors and every staircase was circular. That 
information became part of her story. It is a true fact presented in the context of the 
story so that the story has elements of truth in it; the truth about the world in a 
particular period of time. The computers were very important to that process and the 
stories are really good." (sixth-grade teacher) 
"This year I'm using computers all the time in all my classes. I teach math and 
language arts to special needs students. For reading, writing and math the kids are 
always on the computer working on all types of things...Most of my kids have writing 
problems and using the computer helps them because they don't get so frustrated about 
re-writing and editing. Their skills have really improved too." (special needs teacher) 
One teacher described how she integrated a website into her teaching: 
"My major focus has been the development of our school website. The website 
motivates kids to do quality writing and that's my main goal for the website...In the 
last two weeks I have finished getting their animal reports online and the kids are 
highly motivated by having their reports published...Each student in my class over the 
past two years has written a report about an animal that I have published on the 
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website. For the animal reports, my goal is to develop a site on the Web where 
children can go to read reports written at their level on almost every animal. I've 
already had many teachers say they have links to our site and that it is the place their 
students go to find easy-to-read animal reports, so I want to keep adding animals... 
Last year I made a Black History webpage and linked it to the fifth grade classes’ 
black history reports. There was a lot of good feedback with teachers expressing a real 
need for information that children can read on this topic. It is also a good self-esteem 
builder for kids to have their reports published. The state achievement tests are 
focused on content area writing, so our website will support student learning and that 
should improve their test scores." (third-grade teacher) 
Another teacher was able to describe the different types of software she chose and the 
kinds of teaching that result from decisions to use certain software programs. 
"Certain software is designed to be kid friendly and user friendly, so that the students 
just explore and learn on their own. However, with complicated programs like 
MicroWorlds Logo, I have been using a projector for demonstrations because I feel it 
is important to use a step-by-step process teaching with complex programs. I also use 
the projector to teach PowerPoint and Excel. After a brief demonstration it is really 
important that the kids spend time with the programs, learning. Therefore, a very small 
part of my teaching is actually demonstration. The rest of it is almost consulting; 
running around answering questions, troubleshooting, and consulting with the kids." 
(technology teacher) 
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The number of ways teachers used or planned to use computers for instruction was 
extensive. Each of the teachers interviewed described an idiosyncratic style of integrating 
computers into their teaching, and all used computers in a manner that was consistent 
with their preferred, individual, teaching style. Perkins (1995) describes computers as 
surfaces for the manipulation of symbols. The ways in which teachers asked students to 
use computers, and the symbols they were asked to manipulate, varied from teacher to 
teacher. Task expectations for students also varied from teacher to teacher, as did the 
kinds of support offered to students as they worked with computers. Technology 
professional development must somehow meet the needs of individual teachers as they 
struggle to accomplish diverse academic goals with a diverse population of students. 
Access to computer equipment was problematic for some teachers, but was not the 
major concern of those interviewed. Seven teachers wanted more computers in their 
classrooms. Concomitant issues with scheduling time in a computer lab and/or having 
students use the lab without adequate supervision were mentioned. A fifth-grade teacher 
expressed clearly her preference for having computers in her classroom as opposed to a 
computer lab in the building: 
"I would love to have more computers right in my classroom because lab scheduling is 
not very predictable for me. The sign-up lab is not always available... If the computers 
are in the classroom then they become more useful for teaching. I would see what I 
could do in social studies on the computer, analyze what we did, discuss it with other 
teachers, and build it in as very much part of that unit." (fifth-grade teacher) 
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Results of Interviews: 
Professional Development Elements Teachers Found Helpfiil 
for Learning to Teach With Technology 
In an effort to understand the kinds of professional development experiences necessary 
to help teachers learn to integrate technology into teaching, the following research 
findings were analyzed in combination: 
• Teacher self reports showing overall growth in technical skills and increased 
integration of technology into instruction over the two-year implementation period of 
the first district technology professional development plan 
• Teachers' descriptions of the specific kinds of professional development experiences 
that helped them gain the skills to teach with technology 
• Teachers' descriptions of the professional development programs they would like to 
see in the future 
• The comments of teachers whose interview profiles were distinguished from others 
by the central nature of computer use for instruction. These teachers described 
technology as an important instructional tool, integral to task completion and 
construction of knowledge by students. 
Interview records that met this criteria were scrutinized for all information about how 
professional development had assisted them because it was felt that the information 
shared by these teachers might be useful in helping others learn to use technology in 
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similar ways. The following six distinct elements that teachers wanted to see included in 
the school district's technology professional development program were evident through 
analysis of this research data. 
Skills Training 
Of the twenty-one teachers interviewed, nineteen felt that skills training through 
workshops and help-sessions was important for learning to integrate computers and other 
new technologies into instruction. Three hundred and eighty three hours of skills training 
workshops were offered during the two-year implementation period. During that same 
time period, teachers report that their skills for teaching with technology improved in all 
skill areas where workshops were offered. By self-report, teachers' technical skills did not 
improve in the one skill area where no professional development opportunities were 
provided in the school district; Database Use. 
Interview comments made by teachers indicated that workshops helped them gain 
necessary technical skills. Following are some interview comments made in support of 
including technical skills workshops in a professional development program. 
"I feel more at ease on the IBM computer than I did a year ago...I no longer have a 
sense that I'm going to do something wrong on the PC. Professional development has 
given me a sense of power over those fears." (special needs teacher) 
"I feel the school's professional development program gave me the skills and the 
understanding I needed to use the computer and I feel confident enough from inside 
myself to easily solve the problems that I find. The professional development program 
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went beyond teaching me one program into helping me understand how the computer 
works." (fifth-grade teacher) 
"My computer skills have been enhanced a lot by the workshops that I've taken 
through the district." (specials needs teacher) 
"I often use the study sheets I have been given at workshops to remind myself what to 
do." (ESL teacher) 
"I really liked the workshops in the district where the software was introduced in the 
morning, then real problems were provided and people could work independently with 
assistance in the afternoon. So, by the end of the day I had done a complete project. 
That kind of workshop allows me to leam a new program and feel really comfortable 
about using it. That's the way I leam best." (fifth-grade teacher) 
"Workshops have helped me leam about computers. There was one recently on 
making books that was very helpful. I also benefit when other teachers go to 
workshops because we share information and work together as a team." (first-grade 
teacher) 
Among teachers there was strong sentiment that workshops focused on basic technical 
skill development should be continued. Learning how to troubleshoot problems was seen 
as a priority by many: 
"Troubleshooting workshops are good because first of all, it allows me to fix things 
right on the spot with kids. Second of all, it gives me some power with the computer. 
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'This time I could fix it. I don’t have to get help'. So I would like to take a 
troubleshooting workshop on things that kids can do to a computer just by accident." 
(sixth-grade teacher) 
"The school district has to keep the workshops going. There may be some new 
software coming out that we'll all want to use and we need to find out about it. 
Teachers need to keep on learning the basics. And there will be new staff who don't 
know how to use computers. There will also be teachers like me who are so forgetful." 
(ESL teacher) 
"I want more demanding computer courses that build in their requirements. Once I 
understand how to do something on the computer, I'm ready for the next step. I'd like 
workshops that expect me to have a completed product, then [I want to] really look at 
that product critically and see how I can use it. I [also] need a way to use my 
workshop experiences in the classroom to test out what I've learned." (fifth-grade 
teacher) 
"[Teachers] don't need introductory workshops any more, but there are lots of 
advanced levels of technology integration that the teachers should be learning, like 
how to do PowerPoint presentations and Internet research." (special needs teacher) 
"We still need ongoing workshops - specific workshops based upon assessing the 
needs of teachers." (fifth-grade teacher) 
"A lot of teachers need to learn basic troubleshooting with all kinds of technology, like 
how to change a light bulb in the projector. Every year by October there should be a 
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workshop that helps teaches troubleshoot computer software and hardware problems." 
(sixth-grade teacher) 
When planning technical skills workshops for the Amherst School District, 
consideration was given to Noon's four stages of computer adoption: 1) the beginning 
stage when teachers do not know how to use technology; 2) the skills development stage 
during which teachers' technical skills improve; 3) the stage during which teachers are 
learning to integrate technology into instruction; 4) and the techno-constructivist stage 
when computers are used by students to support knowledge construction and enhance 
academic performance. The technology professional development goals that were used in 
the school district, and the self-assessment forms employed in this study also borrowed 
from Noon's conceptualization of four stages of technology adoption. 
Teachers who were interviewed described the continued need for workshops at a 
various levels, from beginner through advanced. Teachers also wanted access to a range 
of workshops on how to integrate technology into the curriculum, from workshops that 
focused specifically on how to use a particular technology or software program in the 
curriculum through workshops that helped them understand the use of constructivist 
teaching methods with technology. Noon's stages of technology adoption proved to be a 
useful tool for planning workshops for teachers in the school district, who were 
functioning at a variety of different levels in their technical skills. 
During this research study, the Amherst School District offered a smorgasbord of 
choices from one-hour "help sessions" to courses that granted certification or licenses 
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upon completion. For example, Microsoft technical certification courses were offered to 
both staff and advanced students in the district. In addition to workshops, skills training 
was reinforced through one-to-one and small group mentoring sessions, online training 
courses, and telephone help-lines. 
Access to Mentor Support for the Use of Technology 
Teachers found access to mentor support to be important for learning to integrate 
computers and other new technologies into instruction. Nineteen of the twenty-one 
teachers who were interviewed reported that having prompt assistance with technical 
problems empowered them to experiment with integrating technology into their teaching. 
These teachers also described other kinds of mentor support as being of benefit, from 
individualized help with choosing software, to team teaching with a technical specialist. 
"I continue to need support for using computers...I need someone available if 
something goes wrong with the hardware. I also need help with regular maintenance 
of the computer." (kindergarten teacher) 
"It is the one-to-one contact with a technology specialist around my specific needs that 
I like the best. I appreciate having an in-house resource person. She is a very important 
support for my using computers." (first-grade teacher) 
"When I have problems, I call the technology teacher. She is really great about it. I 
appreciate having an in-house resource person. It would take a lot longer if we did not 
have someone right in the building." (special needs teacher) 
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"I think of the technology coordinator as my support system. I also looked to her in 
areas of real technical problems. " (technology teacher) 
"I really depend on being able to get one-to-one help when I need it." (specials needs 
teacher) 
"I had a parent come in with information for me. A father found things on the Internet 
for my unit on bears." (kindergarten teacher) 
"I would like access to someone who would take phone calls at night from this busy, 
harried teacher who doesn't have a half-hour to look stuff up. That would be useful to 
me at this stage in my skill development." (sixth-grade teacher) 
Experiences Using and Teaching With Technology 
Teachers found hands-on experiences using and teaching with technology to be 
important for learning to integrate computers and other new technologies into instruction. 
Twenty of the twenty-one teachers who were interviewed reported that hands-on 
experiences increased their proficiency in the use of computers and other new 
technologies. 
"I never had that much access [to computers] in the classroom or at home. About four 
months ago I was given a computer for the classroom. Having more access in the 
classroom for professional report writing has made it easier to develop skills." 
(kindergarten teacher) 
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"I have learned that once I know how to do a particular task with one program, I can 
probably carry that skill over when I use other programs." (kindergarten teacher) 
"As I've gone along seeing things that I could have done better I have thought, 'Maybe 
next time I'll try it this way'." (technology teacher) 
"All the workshops were wonderful and they gave me good initial information. I just 
need a lot more personal experience using the computer and that's how I'm going to 
learn at this point." (second-grade teacher). 
"I'd like to have more software in my hands to try out and play with." (fifth-grade 
teacher) 
Nine of the twenty-one teachers interviewed stated that having lots of experiences 
with their computer at home contributed to their skill development and helped them 
expand the ways they used computers in their teaching. 
"My computer at home is formatted just like the one at school and that is really 
helpful. I feel like I can then work at my leisure." (sixth-grade teacher) 
Many teachers took classroom computers home during long vacation periods and over 
the summer months. These teachers reported using computers at home to experiment with 
educational software, to become familiar with computer-based report card templates, and 
to develop curricula. Three teachers stated that having their classroom computer at home 
was such a positive family experience that they decided to purchase a home computer for 
the first time. 
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Support for Planning Curriculum 
Teachers identified support for planning curriculum as important for learning to 
integrate computers and other new technologies into instruction. During the time of this 
study, teachers in the Amherst school district were expected to integrate technology into 
existing units of study. In addition, they were expected to create new curriculum units 
that used technology effectively to address state curriculum standards and local 
curriculum guidelines. Curriculum integration of computers was a topic mentioned by all 
of the teachers interviewed. Nine teachers were concerned that students gain all the 
computer skills they would need to progress in school and five teachers wanted the 
school district to place more emphasis upon identifying and communicating a logical 
progression of technical skills to be taught at each grade level. One teacher offered the 
opinion that the district had a useful technology curriculum but that it was not being 
adequately communicated and therefore was not taught by the majority of teachers. Three 
of the fifth-grade and sixth-grade teachers interviewed wanted their students to begin the 
school year with reasonably good keyboarding skills so that they would be ready to use 
word-processing and other productivity tools. 
Twelve teachers of the twenty-one interviewed reported that they had benefited from 
technology professional development that helped them plan computer-based activities for 
their students. The statements below serve as examples of how teachers felt they 
benefited from professional development opportunities that assisted them with 
curriculum planning. 
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"The best kind of support for using computers in my teaching has been having 
somebody with whom I can sit down and say, 'I'm planning this, what is the best way 
to do it?'" (fifth-grade teacher) 
"My needs are different from other people, so I like the computer specialist to plan 
with me, to help me decide how I can best use certain software." (fifth-grade teacher) 
Five teachers requested more assistance with planning lessons that integrated 
technology. The comments below are representative. 
"Before using a new program with students I would like to sit down with the 
technology teacher and really go through the program, talking about how we could 
teach a child to use it. First teach me, then help me decide how we could teach the 
kids." (fifth-grade teacher) 
"I need ideas about how to find and use appropriate software for kindergarten that 
would fit in with what we are studying. I need help looking at curriculum content for 
my classroom and supplementing it with software." (kindergarten teacher) 
A special needs teacher discussed the role of professional development in planning 
technology use with populations of special needs students: 
"One of the things that the study group did for us, especially because it was the SPED 
group, was to get us looking ahead to the future. It gave us time together to talk and 
think...We took a look at our students, particularly our non-verbal kids and talked 
about what they needed.. .Our thought was that we should have certain technology 
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elements in place so that when a new special needs student enters the school, we will 
be prepared." (special needs teacher) 
An additional five teachers identified collaborative planning of technology-infused 
curriculum as important. Teachers were interested in collaborating both with other 
teachers and with technology specialists. 
"I would like to meet with other teachers from preschool, kindergarten and grade one 
to discuss using computers for instruction. I would like to have those discussions once 
or twice a year. At other times I would like to have someone that would come directly 
into my classroom with software selections to try out." (kindergarten teacher) 
"I would like to know that someone is keeping an eye on the newest software that 
might fit with what we're doing in our classroom. I am looking for software that would 
work in my curriculum and need someone to find and recommend programs to me." 
(first-grade teacher) 
"Grades 5 and 6 should meet this year to discuss what they are doing with technology 
and how technology is tied into the curriculum We should also be planning what we 
will be doing next." (sixth-grade teacher) 
Four teachers made specific reference to the use of reflection as a process integral to 
planning for the integration of technology into curriculum, and several took advantage of 
the interview process to reflect on teaching practices. Professional development 
opportunities that help teachers reflect upon and draw conclusions from their everyday 
teaching experiences support curriculum planning. 
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"I've continually asked myself, 'is this [software] going to be good for second grade or 
not?' I use the same criteria I would use for any kind of curriculum materials, I decide 
whether it is age and curriculum appropriate. I think about how students work with the 
software; can they circumvent the learning tasks or do the kids actually have to do the 
tasks in order to enjoy the game or program?" (second-grade teacher) 
"I like workshops that expect me to have a completed product, then [I want] to really 
look at the product critically and see how I can use it. I need a way to use my 
workshop experiences in the classroom to test out what I've learned." (fifth-grade 
teacher) 
"When we started this year there wasn't a set plan in place...In retrospect, it went 
incredibly well. I don't know that I would design the [computer] curriculum the same 
way next year. I would put a bit more thought into the sequence...I know the 
[curriculum sequence] was not haphazard because there was a lot of coordination 
going on with the teachers. But we did not have much software at the beginning of the 
school year. I do think next year I would present the curriculum in a different 
sequence." (technology teacher) 
"I took a workshop on using a variety of different software programs. It was a good 
one for me. We just explored some of the software and I was able to try out [some 
programs]... actually just play around. With each program I asked myself, 'Okay, what 
can the kids do with this?' and had the time to think a little bit." (second-grade teacher) 
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Supervision of Instruction 
Teachers indicated that supervision of instruction was important to the process of 
integrating technology into instruction. Large discrepancies in technical skill 
development among teachers were evident on skills assessments. Interview data also 
showed there to be wide discrepancies in the ways teachers were using technology for 
instruction. Some teachers reported using computers infrequently and only for drill-and- 
practice or entertainment. Other teachers had their students using computers on a regular 
basis as tools for learning. Supervision of instruction ensures that there is a system in 
place for monitoring the progress of individual teachers toward achieving technology 
professional development goals. Following are some excerpts from interviews where 
limited skill development and/or limited motivation to use technology were apparent 
issues: 
"My professional growth with computers has been limited." (kindergarten teacher) 
"Teachers need a lot more time to learn how to use technology and the school district 
needs to give us the time to integrate technology into the curriculum. I see so many 
teachers who have now learned how to use their computers but have not moved to the 
next level, teaching with them. Curriculum integration has to be the next step and we 
really need support in that area. We need time and we need ideas." (special needs 
teacher) 
"I want the kids to start using them [computers] in a parallel way to the other things 
that we do in our classroom..." (first-grade teacher) 
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"Most [of my] computer use is still peripheral. I don't start with the idea that I'm going 
to teach a unit through computers. Use of computers is an additional, added piece." 
"I don't really feel as comfortable with the Internet as I should. I just don't sit down 
and play, nor do I have the motivation to spend my time searching for information. If I 
was intrinsically motivated I might do it." (fifth-grade teacher) 
"I still use the computer mostly as a word processor, but I have also gotten better 
about using it with my students...I don't take the kids into the lab myself. So far this 
year I have not done any team teaching with the technology teacher. I plan to in the 
future but the time has not been available." (fourth-grade teacher) 
The skills students develop for learning with technology reflect the experiences their 
teachers are able to provide in the classroom. Comparisons of the statements given above 
with those of teachers who are integrating technology into teaching shows there to be a 
vast differences in student experiences learning with technology, depending upon the 
skills of their teachers. Below are some statements made by teachers who are using 
computers as learning tools. 
"After a brief demonstration [of a software program], it is really important that the 
kids spend time with the programs, learning. Therefore, a very small part of my 
teaching is actually demonstration. The rest of it is almost consulting.. .running around 
answering questions, troubleshooting, and...consulting with kids." (technology 
teacher) 
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"My major focus has been the development of a school website. The website 
motivates kids to do quality writing, and that's my main goal for the website...I've 
been using the website for communication to families. I've gotten email from a 
grandmother in Scotland talking about how much she enjoys being able to see her 
grandson's writing and what he's doing in school. And of course the class gets lots of 
email from parents." (third-grade teacher) 
"I've been using the computer lab a lot lately to have all my students write short stories 
and 99% of the work has to be done on the computer. I want them to sit in a lab 
interfacing with the keyboard and their ideas." (sixth-grade teacher) 
Time issues were cited frequently by teachers as thwarting skill development. Some 
teachers reported not having the time to attend as many workshops as they would have 
liked because of the demands of their teaching schedule and their other commitments at 
school. Such issues must be addressed through supervision of instruction by the school 
administration. 
"Time is my problem when it comes to learning more computer skills. If a workshop 
or professional development opportunity catches my eye and I would like to try it, 
there's still a question of where to put it on the priority list." (sixth-grade teacher) 
Several teachers mentioned that an administrative decision to pay teachers for 
attending technology workshops during vacation time increased their motivation to put in 
the work necessary to learn technical skills. 
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"It just felt like, for a change, staff development was acknowledging that the time was 
our own and that our time was valuable. I do think it is nice to have work 
acknowledged in some way. I'll keep learning whether I'm paid or not, but being paid 
gives that little extra motivation." (third-grade teacher) 
One teacher questioned the commitment of school administrators with regard to 
teaching with technology. 
"I am not sure that there has been enough acknowledgment from the administration 
that using computers is valuable time, that it is time on learning to have kids working 
with software. When administrators walk by and see kids on computers, they need to 
understand that the kids are not just plugged into games but are working. 
Acknowledgment that computer time is time on learning will become more and more 
important." (special needs teacher) 
To mitigate such concerns and assure teachers that they have administrative support 
for the integration of computers into instruction, school leaders must engage in some 
form of supervision. Further, assuring that all teachers in a school district, not just a few 
who are particularly interested, learn how to effectively integrate new technologies into 
their teaching practices requires supervision of instruction. Findings of this study suggest 
that without supervision in support of goals for the integration of technology into 
teaching, the experiences students have will vary widely from teacher to teacher. 
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Collaboration 
Teachers reported that collaboration was important for learning to integrate computers 
and other new technologies into instruction. Twenty of the twenty-one teachers 
interviewed stated that they were either engaged in collaboration with peers, or would 
like to collaborate around the use of technology. Teachers felt that collaboration could 
provide needed support as they changed their teaching practices toward integrating more 
technology into the curriculum. 
"I'd like to work with other grade level teachers and find out about how they are 
integrating computers into their curriculum. I have questions about how they are using 
software and word processing with second grade students. Discussion would result in 
sharing ideas and understanding the ways that people at our grade level are using the 
computer." (second-grade teacher) 
"We have quite a core group of technology capable teachers in this system, and we 
could all learn a lot from each other. One of the dialogues that took place at a 
workshop I attended in February was the need for time to share information and 
ideas." (third-grade teacher) 
"In the study groups we have a lot of good discussions. Our discussions made me want 
to try some of the software programs that I might not have been interested in 
otherwise." (technology teacher) 
"Sometimes I learn by just talking to people. I find it very interesting to have 
conversations about computers." (kindergarten teacher) 
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"I benefit when other teachers go to workshops because we share information and 
work together as a team." (first-grade teacher) 
"I was involved in the SPED Technology study group. The people worked at learning 
some programs. We had meaningful discussions about software that was good and 
software that we didn't think was good. It gave us time together to talk and think about 
technology and to educate ourselves." (special needs teacher) 
"It was helpful for me to hear what...teachers thought was appropriate for their 
students and what they wanted their kids to learn. Then I can come back and help the 
students learn to use the programs." (technology teacher) 
"I find software by talking to classroom teachers from other buildings." (special needs 
teacher) 
"Staff development might also focus on connecting people with 'who is doing what.' I 
think it is very helpful to talk with other teachers about how a software program or 
project is working out and what the benefits are to the students." (third-grade teacher) 
"It would be helpful if the technology teacher would show me any software that she 
thinks might have potential. If she were to get a piece of software that she was excited 
about and thought had good potential, I'd like her to say, 'Come down to the lab and 
take a look.' That kind of sharing would be good because I could see the program in 
operation in a real teaching situation." (third-grade teacher) 
"There are a lot of people in this building who do a lot more with computers than I do. 
So, I’ll go to them if I have questions about software. 'Have you seen this or 
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something by this company?' I depend on others." (sixth-grade teacher) 
Collaboration serves teachers through the sharing of information and ideas about 
curriculum integration of technology. Though teachers are given curriculum guides and 
have state curriculum standards to follow when planning instruction, how technology is 
integrated into the curriculum remains something most classroom teachers need to 
determine for themselves. In this study, teachers indicated that the process of curriculum 
re-design to incorporate technology is made easier when they are able to collaborate with 
colleagues. 
Elements Combined 
In their interviews, six teachers reported that it was a combination of professional 
development elements that helped them gain the skills to teach with technology. This 
tendency to attribute successful integration of technology to a combination of 
professional development elements was particularly notable on the interview profiles of 
teachers who were distinguished from others by the central nature of computer use for 
instruction. Some examples from their interview protocols follow. Professional 
development elements are shown in brackets. 
One sixth grade teacher gave the following explanation of how combined professional 
development elements supported technology integration into the curriculum. 
"When I really think about it, there are three things that have supported my use of 
computers in school...The computer coordinator makes herself available. I leave her a 
note, she always responds. That’s very important. I can ask for help with either a 
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specific problem or with something I want to know how to do [MENTOR SUPPORT]. 
The second thing that has helped has been the workshops. I think they were good. I 
had fun and I learned a lot. I wrote everything down. As long as I can find the 
notebook I wrote things down in, I can walk myself through software and problems 
[SKILLS TRAINING]. Access to some personal attention with a problem and the 
availability of the larger workshops have both been important to me. At the larger 
workshops there were teachers from other schools, so I have also been able get a sense 
of what they were doing with their computers. That just adds more fuel to the hopper. 
[COLLABORATION]. Recently we worked on sine, cosine, and tangent using 
architectural drawings that I found on the Internet. By taking the measurements of the 
two angles, we could tell what the remote angle was. The students actually looked at 
real blueprints on the computer and used sine or cosine to determine opposite angles. 
It was so much fun because everybody was working on the same schematic. I would 
have taught sine and cosine with this particular class because they are mathematically 
very aware, but the computer just made it easier [EXPERIENCE TEACHING WITH 
TECHNOLOGY]. I like to have the computer teachers work with me on reviewing 
software. I like to be able to sit down with someone who has used a lots of software 
and look at a range of programs that would be useful in my sixth grade classroom 
[MENTOR SUPPORT and PLANNING]. At times I would also like to talk about the 
teaching philosophy of the software and to dialogue with our experts about it. I wish 
staff meetings would focus on using technology more often [COLLABORATION and 
SUPERVISION]." 
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A special needs teacher who uses adaptive and assistive technologies extensively with 
her students describes important professional development experiences as follows: 
"I have done workshops to learn applications like Microsoft Word, Power Point, 
and Excel. I took the workshops we did here in the district. I’ve also taken a lot of 
workshops outside the district [SKILLS TRAINING]. My feeling is that if I have a 
computer, I need to know how to use it myself. So I have taken every class which was 
offered that seemed appropriate...I still need assistance from the technology specialist 
at school...I need help when something unusual is happening with the machine...I 
usually ask for help installing applications [MENTOR SUPPORT]. Earobics is a 
program my hard-of-hearing students have been using. I was hesitant to use Earobics 
at first, because there were pieces of the program that I just didn’t like as a teacher and 
an adult. However, the kids loved it [EXPERIENCE TEACHING WITH 
TECHNOLOGY]. I was involved in the SPED Technology study group...We had 
meaningful discussions about both software that was good and software that we didn’t 
think was good [COLLABORATION]. One of the things that the study group did for 
us, especially because it’s the SPED group, was to get us just talking about looking 
ahead toward the future. It gave us time to get together to talk and think about 
technology and to educate ourselves right now instead of waiting for some time in the 
future [COLLABORATION and PLANNING]. We took a look our students, 
particularly our non-verbal kids and talked about what they needed. Kids with special 
needs are not going to go away. Our whole thought was that we should have certain 
technology elements in place so that when a new special needs student enters the 
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school system, we will be prepared [PLANNING]. Though the software programs are 
expensive, the best and most important software for special needs students can also be 
used by our other kids [EXPERIENCE TEACHING WITH TECHNOLOGY]. We all 
need to be shown, almost given some ideas about how to use computers with students. 
Professional development might be focused on some quick and easy ideas for what 
can be done. Teachers could be told, 'Your students are studying this, and here is how 
you’re going to integrate technology with that unit of study.' We need some quick and 
easy startup ideas [PLANNING, and SUPERVISION]." 
A third-grade teacher whose computer skills were advanced enough that she provided 
professional development for others in her school building described the professional 
development experiences she felt were most helpful. Her description is a combination of 
the elements listed above: 
"We were offered the opportunity to take technology workshops for half days 
during the school week. I loved having the option of signing up during the workday. I 
need a block of time like that when I'm not exhausted, and I liked having a computer 
to use by myself or with just one other person. Those workshops were very helpful 
[SKILLS TRAINING]. Since getting a PC in my classroom, I’m much more willing to 
go in and try things than I used to be. I used to feel like I had to call in a professional 
because I wouldn't be able to figure it out. Now I’m feeling more confident about 
working with problems because I have learned that there is quite a bit of trouble¬ 
shooting I can do [SKILLS TRAINING and EXPERIENCE TEACHING WITH 
TECHNOLOGY]. I have successfully used the program, Imagination Express, 
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because it has lots of creative potential. It has a sound component that makes the 
software exciting, and the kids can author stories with it. The program also includes 
research information on each different feature of the Middle Ages: the people of the 
Middle Ages, their animals and life style. The kids can explore and learn using this 
program and they think it is fun [EXPERIENCE TEACHING WITH 
TECHNOLOGY]. It would be helpful to me if the technology teacher would show me 
any software that she thinks has potential. If she were to get a piece of software that 
she was excited about and thought had good potential, I'd like her to say, 'Come down 
to the lab and take a look.' That kind of sharing would be good because I could see the 
program in operation, in a real teaching situation [MENTOR SUPPORT & 
COLLABORATION]. I really want to have some time to just talk with other teachers 
about using technology. We have quite a core group of technology-capable teachers in 
this system, and we could all learn a lot from each other [COLLABORATION]." 
This third-grade teacher pointed out one issue that highlights the importance of 
administrative involvement with technology integration in the schools. Collaboration 
with administrators and/or supervision could help teachers solve issues such as the one 
described below: 
"We need to get the school system to understand the potential for webpages. One of 
the things that happens with me and others doing webpages is that we're always trying 
to get information like the school lunch menu and the notices that go home for our 
websites. It would be wonderful if these could all be done centrally. What I find out 
through three to four phone calls is that the woman who does the lunch menus creates 
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it in her home on a MAC with Printshop. Well, that can't easily get turned into a 
document that can be used on the web. It could be just as easily done in MSWord then 
turned into a webpage format. Then everybody could use the information. As the 
parent of a child who does not bring home school notices, having them posted on a 
website is helpful. I've been told that having school notices sit on the website for a 
while is also helpful to parents." 
A technology teacher who advanced from the position of instructional aid to being 
a certified Technology Teacher during the two year implementation of the District 
Technology Plan described how the six professional development elements combined to 
help her develop the skills necessary for teaching with computers: 
"My skills with computers have definitely changed because of all the 
professional development I took last year. I believe that I took everything offered 
[SKILLS TRAINING]. My skills teaching with computers have also changed. As I’ve 
gone along seeing things that I could have done better I have thought, 'Maybe, next 
time I’ll try it this way.' The opportunity to deal with all four classes at each grade 
level third through sixth has improved my teaching strategies [EXPEREINCE 
TEACHING WITH TECHNOLOGY]. I get all kinds of ideas from classroom teachers 
about what they want their students to learn and how they want them to leam it 
[COLLABORATION]. When I started teaching with computers, I looked to the 
technology coordinator a lot for advice on software. She would help me determine 
what direction to head toward with different software programs, and with the 
curriculum [MENTOR SUPPORT and PLANNING]. I had the most incredible 
176 
experience after teaching keyboarding to the students. The children continually came 
into the lab saying, 'Can we please do Type to Learn today?' These are fifth- and sixth- 
graders who are asking, 'When are we going to do typing again?' Why do they keep 
asking for me to do Type to Learn? I am amazed by that. I think it is the most boring 
program to teach, but because there is instant feedback the kids love it [EXPERIENCE 
TEACHING WITH TECHNOLOGY]. The study groups we did this year were very 
helpful. It was helpful to me to hear what third- and fourth-grade teachers felt was 
appropriate for their students and what they wanted their kids to learn. I was hearing 
what they thought was appropriate for their children, so that then I could come back 
and help their students learn to use the programs [COLLABORATION and 
PLANNING]. 
Analysis of Teachers' Progress Toward Reaching 
District Professional Development Goals. 
After teachers were interviewed, they were asked to assess their progress toward 
accomplishing the professional development goals identified in the first Technology 
Professional Development Plan by completing a short questionnaire entitled Goals for the 
Adoption of Computer Technologies In Teaching. The specific goal statements used to 
develop this questionnaire are available in Appendix B. A copy of the questionnaire is 
available in Appendix D. Survey results using this questionnaire are presented below in 
Table 16. 
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Table 16 
Goals for the Adoption of Computer Technologies in Teaching 
Goal# Total Number of Teachers Percent of Teachers 
Goal 1 19 83% 
Goal 2 6 26% 
Goal 3 20 87% 
Goal 4 20 87% 
Goal 5 18 78% 
Goal 6 19 83% 
Goal 7 15 65% 
Goal 8 8 35% 
Goal 9 16 70% 
Goal 10 10 43% 
Goal 11 15 65% 
Goal 12 17 74% 
Goal 13 13 57% 
Goal 14 4 17% 
Goal 15 18 78% 
Eighty-seven percent of the teachers interviewed indicated that they had established 
regular access to a computer for use at school and at home, and were interested in 
learning more about computer technology. Seventy-eight percent of the teachers 
indicated that they were determined to gain the skills necessary to add computer 
technologies to instruction in their classrooms. Eighty-three percent had already used 
some software programs or done computer-based projects with their students. 
178 
Despite their enthusiasm for learning more about technology, comparatively few 
teachers (26%) indicated that they had recently collaborated with their building 
administrator to identify goals and/or training opportunities for increasing their skills. In 
addition, only forty-three percent of teachers reported team teaching with a technology 
specialist as a way of learning more about teaching with computers. 
Of note however, is that seventy-eight percent of the teachers were aware of the power 
of computer technologies to foster a learning environment where real-world problems 
and up-to-the-minute current events could be brought into the classroom through the 
Internet. Seventy-eight percent of the teachers surveyed were making efforts to create 
classrooms where technology use allowed for student-centered learning approaches. 
Nearly three quarters of the teachers completing the questionnaire indicated that their 
teaching approach with technology was one of providing guidance and support as 
students did their work. Sixty-five percent were already using technology to support 
open-ended learning projects and/or using technology as a tool for accessing primary 
sources of information with students. However, only 17% of the teachers interviewed 
indicated that they were able to help students decide when technology use was 
appropriate for problem solving or communicating with others. Most of the teachers 
completing this survey indicated an interest in attending more workshops where they 
could gain experience with constructivist, student-centered teaching approaches to 
teaching with technology. 
Teachers whose responses to the questionnaire, Goals For The Adoption Of Computer 
Technologies In Teaching, indicated that they were integrating technology into the 
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curriculum using constructivist methods were asked to their share lesson plans and/or 
project ideas. Teachers considered to be using constructivist methods were those who 
circled two or more rubrics from Rubric 11 through Rubric 15. These rubrics include 
creating a classroom environment where computers and other technologies are in the 
hands of the students, providing guidance and support for students as they use 
technology, helping students decide when technology use is appropriate for answering 
their questions or for communicating with others, working with students to develop 
rubrics for technology-based projects, and understanding that use of computer technology 
can foster a more authentic learning community in the classroom. Three of those lesson 
plans are presented in Appendix F. 
Design of the Revised Approach To Technology Professional Development 
The experiences and research findings of the first action cycle were employed to 
achieve a revised approach to technology professional development. This revised 
approach was used to answer the primary research question, "What are the elements of a 
professional development approach intended to help teachers integrate computer 
technology in their teaching?" The ultimate goal of this revised approach is to help 
teachers develop a range of practices that are congruent with constructivist theory as it 
applies to teaching with technology. 
Findings of this study indicate that acquiring the skills necessary to teach with 
technology is a complex, multi-step process. For teachers to move beyond simple skills 
acquisition toward understanding the use of technology for teaching in ways that are 
180 
consistent with constructivist theory requires that a school district provide a long-term, 
comprehensive professional development program that ideally includes the following 
elements: 
1. Skills Training. Professional development must help teachers develop the technical 
skills to integrate computers and other new technologies into instruction by providing 
training in how to use computers over an extended period of time with follow-up 
activities that monitor progress and build on initial training. 
2. Access to Mentor Support for the Use of Technology. Professional development can 
empower teachers to use and experiment with technology for teaching by providing 
the mentor support they need to feel secure in its use. 
3. Experiences Teaching with Technology in the Context of the Classroom and 
Computer Lab. Hands-on experience is extremely important for proficiency in the use 
of new technologies. Therefore teachers need access to modem equipment in their 
classrooms, in school computer labs, and in their homes, so that they can gain 
experience using and teaching students with technology. In addition, a substantial 
portion of the professional development sessions teachers attend should be situated 
within the classrooms and computer labs where they will be teaching students so that 
they can more readily and easily apply newly acquired technical knowledge. 
4. Support for Planning Curriculum. Providing technology professional development 
opportunities that support teachers as they plan lessons and curriculum is important. It 
is during planning that teachers synthesize their concerns about curriculum content 
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with their knowledge of technology, their knowledge of the student learners with 
whom they are working, and their understanding of the unique school context in 
which they work. Reflection is a process integral to planning for the integration of 
technology into curriculum. Professional development opportunities that help 
teachers draw conclusions from their everyday teaching experiences support 
curriculum planning. 
5. Supervision of Instruction. For a school district to ensure that individual teachers 
learn how to integrate new technologies into their teaching practice in a manner that 
advances school-wide objectives for technology integration requires supervision by 
school leaders who are skilled and knowledgeable in the use of instructional 
technologies. Supervision of instruction ensures that there is a system in place for 
monitoring the progress of individual teachers toward achieving technology 
professional development goals. By encouraging reflection and other forms of 
continuous inquiry into practice, professional development can help teachers expand 
their understanding of teaching with technology. 
6. Collaboration. An effective technology professional development approach will 
encourage the growth of a learning culture within each school that is rich with 
informal, reflective partnerships and supportive relationships. Professional 
development efforts are most likely to result in full integration of technology into 
instruction when teachers can interact with others in their school community who are 
successfully employing technology for teaching. 
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These elements of a professional development approach represent a series of actions 
that a school district should take to help teachers construct a vision or understanding of 
how technology can be used in all aspects of their teaching and in the learning of their 
students. Access to support and training that is ongoing over a long period of time will 
ensure that teachers continually refine their understanding of technology use for teaching. 
Ongoing professional development will also ensure that teachers’ technical skills keep 
pace with the rapid changes in technology. By including all the elements listed above in a 
carefully planned, long-term, technology professional development process, school 
districts can be assured that they are addressing all the conditions and structures 
necessary for effective integration of technology into the instructional curriculum. 
The six elements of a professional development process that can help teachers develop 
and continually refine their understanding of technology use for teaching are diagrammed 
in Figure 5.2. Though each of these elements needs to be included in a professional 
development process, the sequence in which elements are presented in the diagram 
should not be considered the only possible sequence that a school district could employ. 
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Figure 5.2 
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Closing 
In Chapter 5, evaluation of the first technology professional development approach 
used in the Amherst School district was undertaken. Evaluation findings were then used 
to answer the primary research question, "What are the elements and activities associated 
with a professional development approach that helps teachers effectively integrate 
computer technology into their teaching?" Consideration of evaluation results and efforts 
to answer this central research question produced a revised approach to technology 
professional development. This revised approach is described in Chapter 5. 
Chapter 6 first provides a summary of research methods and major findings. 
Following the summary of research findings, the six elements making up the revised 
approach to technology professional development will be further elaborated. These 
elements are described as representing a series of actions that a school district should take 
to help teachers construct a vision or understanding of how technology can be used 
effectively in all aspects of teaching and the learning of students. By including all six 
elements in a carefully planned, long-term technology professional development process, 
school districts can be assured that they are addressing all the conditions and structures 
necessary for effective integration of technology into the instructional curriculum. 
Chapter 6 will conclude with suggestions for future research. 
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CHAPTER 6 
SUMMARY OF RESEARCH FINDINGS, DISCUSSION OF THE 
RECOMMENDED TECHNOLOGY PROFESSIONAL DEVELOPMENT APPROACH, 
AND RECOMMENDATIONS 
Chapter 6 summarizes the problem, purpose, research methods, and major findings of 
the study. Based upon research findings, recommendations are made regarding the 
elements that a school district should include in a professional development program to 
help teachers effectively integrate computer technology into their teaching. These 
elements are then discussed and elaborated. The chapter will close with suggestions for 
related research studies which would further understanding of teaching and learning with 
technology. 
Problem of the Study 
U.S. Secretary of Education Richard Riley released the nation’s first educational 
technology plan in 1996. That plan presented a vision for the effective use of technology 
in elementary education to help school children become better educated and better 
prepared for the technological demands of work in the United States. Since 1996, the 
U.S. Department of Education has provided significant financial resources to school 
districts with the goal of increasing student access to computers and other new 
technologies in the schools (e-Learning, 2000, |2). According to the U.S. Department of 
Education, Office of Educational Technology, the latest research and evaluation studies 
demonstrate that school improvement programs employing technology for teaching and 
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learning yield positive results for students and teachers” (e-Leaming, 2000, ^|3). This 
report indicates that with sufficient access and support, teachers are better able to help 
their students comprehend difflcult-to-understand concepts, engage in learning, better 
meet their students individual needs, and provide better access to information resources. 
"If we take advantage of the opportunities presented to us, technology will enhance 
learning and improve student achievement for all students” (e-Learning 2000, ]f5). 
For our children to use technology effectively in their learning, and eventually in their 
work, requires that their teachers are able to use technology effectively in their teaching. 
To do so, teachers must have knowledge of appropriate hardware and software, the skills 
to integrate technology effectively into instructional activities, and pedagogical skills 
appropriate for teaching with technology. Recent research suggests that constructivist 
pedagogical methods are a promising means of teaching with computers (Duffy and 
Jonassen, 1992; Fosnot, 1996; Jonassen, 1996). The U.S. Government report, e-Learning: 
Putting a world class education at the fingertips of all children, states that educational 
technology: 
"will support transformative changes in our approaches to teaching and learning. In 
order for these changes to lead to increased educational opportunities for all students, 
content and applications must be judged to be of high quality in terms of grounding in 
learning science and pedagogical effectiveness, and must have the power to inspire or 
motivate students” (2000, e-Leaning, ^22). 
Constructivist teaching with technology engages students in inquiry and project-based 
learning. Students have opportunities for active, meaningful exploration of real world 
problems. Instructional content is centered on important generative topics, is typically 
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interdisciplinary in nature, and students are given the opportunity to review and revise 
their work. Professional development opportunities must be made available to help all 
teachers employ pedagogical methods such as these for teaching with technology. 
Purpose of the Study 
The central purpose of this research study was to design a professional development 
approach that school districts can use to help inservice teachers integrate computer 
technology into their instructional practices. The primary question guiding this research 
was, "What are the elements of a professional development approach intended to help 
teachers integrate computer technology into their teaching?” In order to collect and 
analyze data, a framework was developed for conducting this investigation which 
included two components: 1) research examined changes in teacher skill development 
from the beginning of the district Technology Professional Development Plan in 1997 
through the end of the 1999 school year. This portion of the study was guided by the 
question, "What changes occur in teachers' technical and computer skills when they 
participate in professional development?" 2) research examined changes in teaching 
practices with technology over the period from 1997 through the end of the school year in 
1999. This research was guided by the question, "What changes occur in the ways 
teachers use computers for instruction when they participate in professional 
development?" 
Approach of the Study 
Action research was used in a three-year case study of technology professional 
development in one school district, the Amherst Public Schools in Amherst, 
Massachusetts. A district-wide needs assessment made up Phase One of the action 
research process. The needs assessment was conducted in 1996 using a questionnaire 
developed by the Massachusetts State Department of Education. Through examination of 
the data collected, baselines for teachers' technical skill development and their priorities 
for training in computer technologies were established in nine different technical skill 
areas. These skill areas included computer aided instruction, creative technologies, data 
manipulation, design manipulation, telecommunications, presentation technologies, 
publishing and productivity, research technologies, and learning management. 
Creation of a set of technology professional development goals followed in Phase Two 
of the action research process. Goals were based upon findings of the 1996 needs 
assessment, and were included in a District-Wide Technology Professional Development 
Plan that was completed during the 1996-1997 school year. 
Action research Phase Three began with implementation of the District Technology 
Professional Development Plan. Implementation spanned a period of two years from 
August 1997 through the end of August 1999. During implementation of the Technology 
Professional Development Plan a variety of technology professional development 
opportunities were made available to the teaching staff of the Amherst Public Schools. 
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Research into the effectiveness of the first professional development plan was 
undertaken in action research Phase Four. Research focused upon understanding the 
effects of the technology professional development plan and describing what had been 
learned as a result of actions taken. 
Phase Five of the action research process employed research findings to make 
decisions regarding changes that might be necessary in the professional development 
process. Based upon research findings, a revised technology professional development 
approach was advanced. The revised approach is described as helping inservice teachers 
learn to effectively integrate technology into their teaching practices and to develop a 
range of practices that are congruent with constructivist theory as it is applied to teaching 
with technology. 
The Action Research Process 
Needs Assessment 
The first needs assessment conducted during action research Phase One in 1996 
included one hundred and one elementary teachers from the Amherst School District. 
Findings showed that less than 33% of these teachers could use computer-based drill-and- 
practice, tutorial, and simulation software with their students. While most teachers could 
use a word-processing program for their own personal needs, less than 33% reported 
using word-processing software in their teaching with students. In all the other technical 
skill areas, more than 50% of the teachers surveyed reported that they lacked the skills to 
use technology for teaching or for other professional purposes. More than 90% of the 
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elementary teachers reported poor skills in the use of Learning Management 
Technologies, including assessment software. The conclusions drawn from this first 
needs assessment were that an intensive technology professional development program 
would have to be undertaken before teachers would be able to use computers effectively 
in their teaching. 
The 1996 needs assessment also asked teachers about their technical training 
priorities. Eighty-six percent of the teachers surveyed wanted more training in Publishing 
and Productivity, including word processing. In addition, Telecommunications, and 
Research Technologies were identified as being high priorities for training by more than 
75% of the teachers surveyed. Sixty-four percent of the teachers wanted additional 
training in the use of Learning Management technologies including grade-book software. 
Since teachers had reported poor skill development in these areas, each of these skills 
was targeted for professional development programming. 
Professional Development Planning 
Needs assessment results were used to develop training goals for the district's 
Technology Professional Development Plan. Research literature on adult technology 
adoption was also considered when writing the goals. The goals that were developed 
could best be described as a set of strategic ideas deemed worthy of testing in practice. A 
complete listing of these goals can be found in Appendix B. 
Once technology professional development goals were identified, planning was 
undertaken to develop a program of technology professional development that would 
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include all elementary teachers in the district. Planning took into consideration the 
interactive relationship between technology resource development, curriculum 
development, and professional development. It was assumed that teachers needed access 
to enough computer resources to learn to teach effectively with technology; they needed 
to gain the technical skills to use computers; and they needed to learn how to integrate 
computers and other technologies into the curriculum and their instructional practices. 
The Technology Professional Development Plan that was developed served as an 
operational blueprint for technology professional development within the school district 
during the period of this study, including the 1997/98 and 1998/99 school years. 
Prior to implementation of the first Technology Professional Development Plan, 
school administrators indicated a desire to have teachers complete a more in-depth 
survey, one that focused upon assessing the technical skills most important for 
elementary classroom teachers. The District Technology Coordinator, with administrative 
approval, developed a new survey instrument for this purpose: Teachers' Self-Evaluation 
Rubrics for Basic Computer Use. This survey was administered to all elementary 
teachers at the beginning of the 1997/98 school year, before they were involved in 
technology professional development. 
Implementation Of Technology Professional Development 
Implementation of the Technology Professional Development Plan followed in action 
research Phase Three. The following sequence of technology professional development 
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activities began with the start of school in August of 1997 and continued through the end 
of December 1997. 
• Administrators met with teachers in their buildings to outline technology professional 
development goals. Some administrators included technology objectives in teachers' 
MBO's for the year. 
• Each teacher was given one computer for their classroom. All teachers were required 
to attend a three- to four-hour workshop where they were given a computer and 
technical assistance to assemble it and install software. 
• Classroom visits by the technology coordinator were undertaken to ensure that 
computers were set up and working properly. 
• Technical consulting was provided in classrooms and was designed to help teachers 
learn to work with new computers they had been given for their classrooms. The 
technology coordinator visited each classroom to answer questions the teachers might 
have about their new computers, to provide technical assistance, to share information 
about software, to install new software, and to work with students using the 
computers. Classroom visits continued on a rotational basis throughout the school 
year to answer questions teachers might have had. 
• A help-line system was set up so teachers could request assistance with technical 
problems and/or arrange to meet with the Technology Coordinator. 
• Computer labs were set up in each elementary school. Technology specialists were 
available at least one day per week to assist teachers using the computer labs with 
their students. 
Technology professional development workshops for teachers were initiated in 
December 1997. Workshops focused upon helping teachers gain the skills they had 
identified as high priorities in the 1996 skills survey. Workshops were organized with 
consideration for Noon's (1998) four stages of technology adoption. Thus, skill 
development opportunities were made available across a range of levels, from 
introductory through the use of constructivist methods for integrating technology into 
instruction. Teachers and other staff attended workshops during school hours for half 
days, with substitutes provided in their classrooms. Special full-day workshops were held 
for a group of teacher-leaders in technology, to support their training needs and help them 
develop the skills necessary to train others in their schools. In addition to the half day 
workshops described above, 45 minute mini-sessions were offered every Wednesday 
afternoon. Wednesdays are shortened days in the district when students are released from 
school 1 XA hours earlier than they are on other days. Workshops were also offered after 
school and during all vacation periods including the summer. 
After six months of technology professional development workshops, an 
administrative study group was formed to help coordinate the technology professional 
development agenda. It was determined that the challenge for professional development 
was not simply to make teachers aware of new educational practices using computers, but 
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to ensure that the professional development process would result in teachers acquiring 
skill proficiencies that progressed beyond awkward use of computers to routine 
familiarity and even expert use. The study group outlined a preliminary technology 
curriculum for students and recommended software programs to be used at each 
elementary grade level. However, there was no organizational requirement for teachers to 
incorporate certain software programs into their teaching. This study group endorsed the 
continuation of skills development workshops in the district and encouraged additional 
professional development efforts geared toward helping teachers learn to incorporate 
computers into their teaching practices. Study groups for teachers were also 
recommended, to be focused on evaluating and choosing curriculum software. 
Starting in August 1998, the following technology professional development activities 
were offered by the school district. These activities were provided from August 1998 
through the end of the school year in 1999. 
• The first district technology curriculum was written by a group of administrators and 
teachers, then published on a district website. The technology skills appropriate for 
students at each grade level were identified and software programs were identified 
that would appropriately support skill development. 
• Workshops geared toward skill development continued to be offered in the district, 
along with workshops focusing on technology integration into the curriculum. 
• Help-sessions were held after school once a month in each school to introduce new 
software programs and help teachers learn network procedures. 
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• Technology Curriculum Study Groups were begun for all interested teachers. 
Meetings were held at least once a month to review, discuss, and evaluate software 
for appropriateness and alignment with the state and local curricula. 
• Increases in the number of technology teachers in the school district resulted in the 
teachers in each building having ready access to a technology specialist. 
• Team teaching became a major focus of staff development efforts. Team teaching 
included lesson planning with classroom teachers to help them integrate technology 
into the curriculum. 
• Specialized workshops were provided for teachers of low incidence, special needs 
populations (e.g., hearing and visually impaired, learning disabled, developmentally 
delayed, etc.). These workshops focused on the use of hardware and software 
programs designed for specific populations of students with disabilities. 
• Technology mentoring was offered to teachers upon request. 
• Technology specialists worked with groups of students while classroom teachers 
participated in the instructional session without teaching responsibilities. Classroom 
teachers were thus able to learn with their students. 
• Model Projects developed using Constructivist teaching methods were combined with 
the use of a variety of new technologies to involve students in authentic real-world 
problem solving experiences. 
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• A district website was developed to give teachers online access to Internet resources 
for students, professional development resources, and discussion groups. 
Those teachers without computers at home were encouraged to take their classroom 
computers home over vacation periods (particularly during the summer). All teachers had 
access to a help line to support their work with computers at home. 
Evaluation of The Professional Development Approach 
Research into the effectiveness of the first professional development plan was 
undertaken in action research Phase Four. The central research question guiding the 
research was "What are the elements of a professional development approach intended to 
help teachers integrate computer technology into their teaching?" 
Technical Skills Assessment 
The questionnaire. Self Evaluation Rubrics for Basic Teacher Computer Use was 
employed in an effort to answer the question, "What changes occur in teachers' technical 
and computer skills when they participate in professional development?" Teachers were 
asked to complete this skill assessment at the beginning of the 1997 school year, prior to 
any involvement in professional development activities, then again in 1999 after two 
years of technology professional development activities in the Amherst School District. 
Fifty-three elementary teachers completed the survey in 1997 and fifty-five elementary 
teachers completed the survey in 1999. 
Skill assessments showed growth in teachers' understanding of Basic Computer 
Organization and File Management. In 1997, 11% of the teachers reported advanced 
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knowledge of basic computer organization. By 1999, 89% of the teachers surveyed 
reported advanced knowledge of basic computer organization. In the area of File 
Management, 38% of teachers in 1997 used a system for filing documents and could 
locate files quickly and easily on a computer. By 1999, 97% of the teachers reported that 
they had these skills. Because these skills were considered critically important for the use 
of computers, many workshops were focused in these areas. Skill development was also 
supported through mentoring, technical assistance, and telephone help-lines. The growth 
seen in teachers' understanding of Basic Computer Organization and File Management 
suggests that they made the necessary commitment to learn essential technical skills. 
To further support teachers' skill development, they were encouraged to take 
computers home during long vacation periods and over the summer months. Many of the 
teachers took this opportunity to have a computer in their home for the first time. 
Teachers reported using their computers at home over vacations to preview and 
experiment with software, to become familiar with computer-based report card templates, 
and to develop curricula. Several teachers stated that having their classroom computer at 
home over the summer months was such a positive family experience that they decided to 
purchase a home computer for the first time. 
Comparisons of surveys done in 1997 and again in 1999 show overall growth in 
teachers' word processing skills. In 1997, 28% reported being able to use word processors 
efficiently enough to help students write with them. By 1999, 65% of the teachers 
surveyed could use word processors to help their student write. Professional development 
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opportunities focusing on word processing, publishing, and written productivity were 
offered in the form of workshops, teacher mentoring, and team teaching. 
Gains were also evident in the use of spreadsheets. In 1997, 75% of teachers surveyed 
did not use spreadsheets and could not identify any way in which spreadsheets would be 
useful for teaching. By 1999, 40% of teachers surveyed did not use spreadsheets. In 
addition, 23% more teachers in 1999 than in 1997 reported that they could the features of 
a spreadsheet program to create formulas and make simple graphs. From 1997 to 1999, 
only eight workshops were offered on the spreadsheets. However, teachers also took 
advantage of team teaching and mentoring sessions to learn how and when to use 
spreadsheets in their teaching. 
Database Use was an area of very little growth among teachers. Growth of only 3% 
between 1997 and 1999 was reported in the number of teachers using database programs 
for personal applications and for helping students improve their data keeping and analysis 
skills. Because Database Use was not identified as a training priority by teachers, they 
had little access to database software and no professional development opportunities were 
offered in this skill area within the school district. When these findings are compared to 
findings in skill areas where technology professional development was provided and 
appropriate software was made available, results support a conclusion that in-district 
professional development opportunities combined with in-school access to the 
technology are important for technical skill growth. 
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The percentage of teachers able to use computer graphics for their work and with their 
students progressed from 6% in 1997 to 43% in 1999. Ten workshops were offered over 
the two-year implementation period. 
Gains were also noted in teachers' understanding of and ability to use networks. After 
two years of professional development 73%, of the teachers surveyed had begun using 
networks and telecommunications, many for instructional purposes with their students. 
This increase of 41% over 1997 survey findings is remarkable in part because computer 
networks became functional in the school district only late in 1998 and were not 
perfected until 1999. Nine workshops were offered on networking, but it was also a focus 
of mentoring sessions in 1999, and teachers frequently requested team teaching assistance 
for lessons that used network and Internet resources. 
Though 69% of the teachers surveyed were using the Internet by 1999, only 18% 
reported that they created and/or used their own class webpages. This is a gain of only 
12% over findings in 1997, and is the only case where survey results showed limited 
progress by most teachers despite professional development support. A large number of 
workshops on creating web pages (28) were available in the district during the 1997-1998 
and 1998-1999 school years. Because the district had grant funding available to support 
skill training in this area, district teachers also had access to mentors to assist them in 
creating their own class web pages. While many teachers took advantage of training 
opportunities, it seems they found creating and maintaining class web pages too 
demanding. 
200 
By 1999, 88% of the teachers surveyed reported employing the computer for some 
aspect of student assessment. In 1997 only 44% reported using computers for student 
assessment. Growth in skills among teachers appears to result from the district's policy of 
actively encouraging use of computer-based report card templates, combined with 
training through a variety of professional development opportunities. Seventy-five 
percent of the teachers surveyed indicated that they kept some student produced work on 
their computers, and used computers to write student evaluations. Eleven percent 
reported using electronic gradebooks and/or keeping computer-based portfolios of 
student work. 
Advancement in teachers' technical skills and increased understanding of how to use a 
variety of different software tools were considered essential goals of the technology 
professional development program in the Amherst Schools. By overcoming fears of using 
technology and improving their technical skills, teachers were taking the first important 
step toward integrating technology into instruction. 
Interviews of Teachers 
Interviews of teachers were conducted during Spring Semester 1999 to further explore 
the changes in teachers' skill development. This research was guided by the question, 
"What changes occur in teachers' technical and computer skills when they participate in 
the designed professional development approach?" Research into changes in teaching 
practices with technology was guided by the question, "What changes occur in the ways 
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teachers use computers for instruction when they participate in the designed professional 
development approach?" 
Twenty-one teachers representing all elementary schools in the district and all grade 
levels were interviewed. Teachers were asked to describe changes in their technical skills 
and to describe how they used technology for instruction (Interview questions can be 
found in Appendix E). They were also asked to share lesson plans or teaching ideas that 
made use of technology. Teachers who were interviewed completed a self-assessment 
survey about their progress in meeting district technology professional development goals 
(this self-assessment survey can be found in Appendix D). A summary of the findings 
follows: 
• Nineteen of the twenty-one teachers interviewed found the technical skills training 
offered in workshops helpful. Teachers identified a wide variety of different kinds of 
workshops as being important to their skill development. 
• Nineteen of the twenty-one teachers interviewed reported that access to mentoring 
support for teaching with computers was vital to both their continued skill 
development and to their ability to integrate technology into teaching. Teachers 
described many different kinds of mentoring support as having been of benefit. 
Knowing that "just in time" support was available seemed to empower teachers to use 
and experiment with technology in their teaching. 
• Hands-on experiences teaching with computers in the lab and in the classroom were 
reported to be important to skill development by twenty of the twenty-one teachers 
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interviewed. Nine of the teachers interviewed stated that having access to a computer 
at home contributed to their technical skill development. In fact, three teachers whose 
home computers were significantly different from those at school reported feeling 
that their skill development had been delayed as the result of using two different 
operating systems. Eighteen teachers identified good access to modem computers for 
teaching as critical for learning to teach with technology. 
• Support for planning lessons and curriculum units that integrated technology was 
mentioned by seventeen of the twenty-one teachers interviewed as a way that 
technology professional development could support them in the process of teaching 
with computers. 
• Interview data showing there to be wide discrepancies in the ways teachers were 
using technology in their teaching, combined with substantial differences in technical 
skill development evident on skill assessments, suggest a need for supervision. 
Supervision of instruction by administrators skilled in teaching with technology can 
assure that disparities are being ameliorated. Including supervision of instruction in a 
district professional development approach also ameliorates issues such as those 
raised by one teacher, who questioned the commitment of school administrators to the 
use of technology for instruction. 
• Fifteen of the twenty-one teachers interviewed felt that collaboration with others had 
supported technical skill development. Six teachers reported that collaboration with 
colleagues in study groups had enhanced their skills and interest in working with 
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computers. Thirteen teachers reported that it was through collaboration with 
colleagues that they identified the software programs they used for instruction. Many 
of the teachers interviewed reported that collaboration with community members such 
students, parents, and university professors had enhanced their interest in teaching 
with computers and/or improved their technical skills. 
• Sixteen teachers observed that their students were highly motivated to leam with 
computers, and for these teachers, student interest provided an incentive to increase 
their skills and to increase the time they spent teaching with computers. 
• More teachers initiated discussion of curriculum during interviews than any other 
topic and teachers reported using computers to teach in all subject areas. Nineteen of 
the twenty-one teachers interviewed indicated that they either planned to or did use 
computers for writing. Thirteen teachers reported use of math software and twelve 
used language arts software with students. Ten teachers reported using computers for 
science projects and nine reported using computers in social studies. Several teachers 
of younger students (kindergarten and first grade) noted that computers were 
important writing tools for students, but expressed feelings that computers should not 
replace other kinds of instruction. One language arts teacher reported that she would 
not replace her time working with small groups to have the students use computers. 
Comparisons between interview protocols revealed qualitative differences in the ways 
computers were used for teaching. A continuum could be described with teachers falling 
at three general levels. At one end of this continuum were teachers who gave full 
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responsibility for computer-based instruction to their building technology specialists. In 
the middle of the continuum were teachers who described using software to provide 
practice activities in specific skill areas. At the far end of the continuum were teachers 
who described full integration of computers and software tools into the classroom 
curriculum. 
The tendency to ascribe proficiency to a combination of factors was particularly 
notable on the interview profiles of teachers who were distinguished from others by the 
central nature of computer use for instruction. All of the teachers who described 
technology as an important instructional tool, integral to task completion and construction 
of knowledge by students, identified combinations of elements as being important to their 
technology professional development. 
Revisions in the Approach to Technology Professional Development 
For teachers to move beyond technical skills acquisition toward understanding the use 
of technology for teaching requires that a school district provide a long-term, 
comprehensive professional development program. Findings of this study indicated that 
acquiring the skills necessary to teach with computers and other new technologies is a 
complex, multi-step process that should include the following elements: skills training, 
hands-on experiences teaching with technology in the context of the classroom and 
computer lab, mentor support for the use of technology, professional development 
support for planning curriculum that integrates technology, supervision of instruction, 
and collaboration. 
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Each of the six elements making up the recommended technology professional 
development approach will be further elaborated and discussed below. When all of these 
elements are included in a school district's technology professional development 
approach, teachers will be helped to construct and continually refine their vision or 
understanding of technology use in teaching. Having a vision of technology use could 
also be described as having "important ideas" about the use of technology related 
concepts and processes for teaching, which includes an understanding of how to select 
and critique various uses of technology to support and enhance teaching and student 
learning. 
Because of the rapid pace of change in all areas of technology, teachers' visions of 
how technology might be used in their teaching must be continually refined. This idea 
may run counter to intuitive notions of "having a vision". While there are breakthroughs 
and epiphanies throughout the process of developing a vision of technology use for 
teaching, virtually no one reaches a point where he or she knows everything there is to 
know about using or teaching with technology. There are always more and more complex 
tasks to be attempted, more applications to be explored, and more connections to be 
made. However, for instructional purposes teachers need to advance to a level of 
technology use and understanding that supports them in identifying and articulating goals 
for their students' technology use. They must also be able to apply the most effective 
pedagogical approaches when teaching with technology. In addition, teachers must have 
enough knowledge of their curriculum to understand how and where technology should 
be integrated. 
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The question of how acquiring a vision for technology use (which is knowledge as it 
exists in the mind of the teacher) supports application of that knowledge to teaching in 
the classroom must be addressed. Cognitive theory indicates that when an individual has 
learned enough, they develop an abstract representation of knowledge that can be applied 
to multiple situations (Anderson, Reder, and Simon 1996, 1997). Some cognitive 
theorists argue that knowledge is inseparable from the contexts and activities in which it 
develops. However, teachers interviewed for this study indicated that the skills they 
learned in workshops were important to their understanding of technology use for 
teaching. Teachers reported that they used ideas learned in workshops for teaching in part 
because workshops were set in the school buildings where they worked, and workshop 
sessions were conducted on computers and with software that the teachers would be 
using with students. Transfer of knowledge was possible for teachers because key 
features of workshop settings were similar to those that they would confront when 
actually teaching with technology. 
Questions must also be also raised regarding how to help teachers visualize uses for 
technology that are consistent with constructivist theory. The choices teachers make 
about how to use technology in their teaching will greatly affect how students will use 
technology as they go through school. Thus, consideration needs to be given to the kinds 
of images of teaching with technology made available to teachers. As Aaron Listhaus 
states: 
"If we expect students to become articulate, creative, problem-solvers who are active 
participants in their learning and who are able to apply what they ve learned to new 
situations, then we must foster those behaviors in our teachers. If we hold our teachers 
to these high standards, we must provide a professional development program that 
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encourages active learning, problem solving, and self-reflection. We must provide a 
professional development program that models the behaviors we expect our teachers 
to model in the classroom" (2000, p ). 
Teachers can employ technology in a number of ways in their teaching. Technology 
can be used as a teaching aid for presenting traditional subject matter in new and exciting 
ways. When used as a teaching aid, technology can enhance and monitor student 
learning. Technology can be the subject for study. When technology is the subject of 
study in elementary school, teaching is focused on helping students master such skills as 
keyboarding, understanding the computer's operating system, taking pictures with digital 
cameras, and so on. Technology can provide students with a set of empowerment tools 
that help them become self-directed learners. When used as an empowerment tool, 
technology can support learning throughout a student's school experience and beyond to 
the world of work. 
Elementary teachers need some understanding of each of these approaches as they 
struggle to meet diverse student needs in their classrooms. Ultimately, however, all 
teachers should reach the point of being able to help their students use empowerment 
tools for learning. When computers are used as empowerment tools, they have the 
potential to interact with other variables in an instructional environment to affect the way 
students build mental representations and process information. Computers can and should 
be used for study in realistic, meaningful contexts, not just for structuring learning 
experiences or enhancing recall of information. One fourth-grade teacher interviewed for 
this study gave an example of a student getting excited about research because he was 
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able to access real-world information through the Internet: "We are studying astronomy 
and the students can look at NASA websites for information. I have a student who is very 
bright, a top student but kind of hard to get excited about research...I watched him get 
excited about astronomy and black holes. He was able to get the most recent information 
about black holes, this kind of cutting-edge topic and he's excited...That is something 
really wonderful, you know!" 
The visions teachers develop must include more than understanding the various uses 
of technology if they are to effectively integrate technology into the curriculum. 
Professional development must also focus on helping teachers discover effective methods 
of employing technology to improve student learning. During the period of this study, 
new state requirements that all schools adopt curriculum standards were combined with 
state testing procedures that assessed student achievement of those standards. Taken 
together, state standards and achievement test findings provide a foundation for 
technology professional development planning by making available the data upon which 
schools can analyze of the differences between actual student performance and their goals 
or standards for student learning. Comparisons of actual student achievement with 
curriculum standards can then be used to define what educators need to learn about 
integrating technology into the curriculum. Using such an analysis, professional 
development opportunities can be structured to address specific areas where students 
need to improve their learning and performance. By focusing technology professional 
development on helping teachers gain the technology skills they need to positively 
enhance student performance, workshops and other training opportunities can have a 
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positive effect on how the teachers think about their work and help them find ways to 
refine their instruction over time. Standards for student learning provide not only a basis 
for defining what teachers need to learn in technology professional development sessions, 
but also serve as a yardstick for improving instructional content and delivery. 
Though teachers in this study never mentioned state curriculum standards or 
achievement test results as motivation for learning to teach with technology, all of the 
teachers interviewed reported concerns over the academic achievement of their students. 
Many teachers reported being thrilled with learning to use technology because they 
observed an immediate, positive impact on student learning and performance. Some even 
stated that they chose to participate in technology professional development opportunities 
only when training was specifically focused on technologies they could put to immediate 
use with their students. 
Published curriculum standards and related student assessments serve only as catalysts 
around which teachers must create and implement curricula that effectively uses the 
power of technology to help students learn. Effectively integrating technology into the 
curriculum can help students become more effective learners by making abstract concepts 
visible, by assisting with organization and analysis of information, by giving students a 
wide variety of ways to express their ideas, by promoting collaborative learning, and by 
enabling students to develop polished products through cycles of revision. Teachers need 
to acquire the skills to use technology tools and methods that can help their students 
reach beyond state standards to become lifelong learners. Findings of this study indicate 
that the six elements identified in this revised professional development approach can 
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support teachers as they develop a vision of technology use in teaching that includes not 
only technical skills, but pedagogical and curriculum understandings as well. 
Skills Training 
Professional development must help teachers develop the technical skills to integrate 
computers and other new technologies into instruction by providing skills training in how 
to use computers. Training must be provided over an extended period of time with 
follow-up activities that monitor progress and build on knowledge. On-going training that 
supports technology use is vital because of the continually changing nature of technology 
combined with the vast range of skills teachers must have to use technology effectively in 
their teaching. 
For teachers to effectively integrate technology into teaching presents constant 
challenges for them and the school districts they serve. Technical skills for using 
computers and other new technologies are not the only expertise required. To 
successfully integrate technology into instruction requires that teachers maintain a 
measure of expertise in all of the following areas: 
1. Technical skills 
2. Content knowledge (e.g., math, social studies, science, etc.) 
3. Knowledge of how students learn 
4. Knowledge of teaching methods appropriate for use with technology 
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5. Understanding how to design or refine curriculum to make effective use of technical 
tools for teaching and learning 
This discussion will focus first on development of the technical skills teachers need to 
master in order to use computers and other new technologies for teaching. It should be 
noted, however, that skills training alone can not support teachers for designing 
curriculum that integrates technology. Only by engaging teachers in many of the other 
elements of this professional development approach can a school district be assured that 
teachers will be able to use technology tools to teach to curriculum standards. 
To help teachers develop technical skills, professional development programs must 
offer training opportunities at a variety of skill levels. Providing workshops and courses 
of study that are matched to staff members' skill levels and learning styles helps them 
maintain interest and involvement even as their technical skills improve. During the first 
action research cycle, workshops were designed to address needs and goals at each of 
four stages of technology adoption as described by Noon (1998). It was assumed that to 
help teachers effectively integrate computers into their classroom instructional practices, 
workshops had consider teachers' previous skill development and then help teachers 
move forward through each successive stage until they were able to use technology tools 
in a manner consistent with constructivist learning theory. Noon's four stages of 
technology adoption proved to be a useful tool for planning workshops. Teachers within 
the school district were functioning at a variety of different technical skill levels when the 
professional development program was initiated, and using Noon's model supported the 
creation of workshops designed address their diverse training needs. 
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During this study, highly experienced classroom teachers were observed to be able to 
move rapidly to Noon's stage four (the techno-constructivist stage of technology 
adoption) once they acquired some basic technical skills and had access to enough 
computers for groups of their students to use. Experienced teachers brought to technology 
training sessions an understanding of how students leam, an understanding of curriculum 
design, and content area expertise. In addition, they were able to employ a wide variety of 
teaching methods depending upon the instructional situation. With all of these skills, 
experienced teachers were very quickly able to make effective use of technology-based 
empowerment tools such as word processing, spreadsheets, and presentation software 
with their students. Rather than waiting to master all the needed technical skills 
themselves, they sought assistance from technology teachers in the form of mentoring, 
team teaching, and just-in-time troubleshooting. 
Skills training can not be the only type of workshop offered within a school district. 
Improving and mastering some technical skills can be done within the context of 
workshops that help teachers leam to use technology for academic instruction. For 
example, a workshop might be focused on teaching mathematics but include direct 
instruction in the use of a particular mathematics software program. Rather than offering 
workshops on how to use Desktop Publishing software, a series of workshops might 
focus on improving students' writing skills by using technology-based applications to 
publish a school literary journal. A fifth-grade teacher interviewed for this study stated 
her preference for these kinds of goal oriented workshops: "I really liked the workshops 
we had in the district where software was introduced in the morning, then real problems 
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were provided and people could work independently with assistance in the afternoon; so 
by the end of the day I had done a complete project. That kind of workshop allows me to 
learn a new program and feel really comfortable about using it. That's the way I learn 
best." 
An important challenge for professional development is to provide teachers with an 
understanding of how technology can be used as "empowerment tools" to support student 
learning and enhance student performance. Jonassen (2000) reports that computer 
technology can provide students with a set of empowerment tools that help them become 
self-directed learners, and support learning throughout a student's school experience and 
beyond to the world of work. Many of the important software programs that are 
categorized as empowerment tools or "MindTools" by Jonassen (2000) are complex to 
operate. Teachers need both instruction and extensive hands-on experience to learn such 
software programs well enough to be able to teach them to students. Professional 
development becomes important for helping teachers learn the technical skills needed to 
work with these tools. 
A second important challenge for professional development is to help teachers 
understand how technology tools can assist them as they work to close the gap between 
actual student performance and the curriculum standards students must meet in order to 
be considered successful learners. Professional development experiences should help 
teachers consider academic standards as they are learning to teach with technology. 
Standards provide a basis for defining the curriculum while also serving as a yardstick for 
improving technology professional development. Workshops and training sessions can 
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help teachers master the use of technology empowerment tools for teaching to standards. 
By exposing teachers to different images and ideas about how to integrate empowerment 
tools into teaching, workshops empower teachers to constantly learn more and do more 
with technology. Most of the teachers interviewed for this study reported that 
participation in district-sponsored workshops and training sessions not only helped them 
learn the skills they needed but also increased their motivation for using technology tools. 
Ultimately, workshops did influence the ways teachers integrated technology into their 
teaching. 
There is a need for school districts to evaluate or monitor the skill development of 
teaching staff as a basis for planning technology professional development experiences. If 
a district can obtain a portrait of its professional staffs relationship with technology, that 
portrait can provide the foundation upon which professional development planning takes 
place. Changes over time in the ways teachers integrate computers into their teaching 
make it necessary for school leadership to re-evaluate the skill levels of staff members on 
a regular basis. Individuals responsible for supervision of instruction in a school district 
will have to work closely with technology leaders to ensure that the information gained 
through staff supervision and evaluation is useful for planning technology professional 
development. 
The planning of technology professional development should involve the teaching 
staff in the planning process. When teachers are encouraged to identify their own learning 
needs, they are likely to feel a greater sense of involvement in the professional 
development experience, and their experiences will be more relevant to them. 
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Access to Mentor Support For The Use Of Technology 
Professional development must empower teachers to use technology in their teaching 
by providing the support they need to feel secure in its use. It is important that teachers 
have easy access to a technology "mentor” who can assist with problems as they arise. 
Technology mentors must be available in a timely manner and be willing to help teachers 
while they are teaching students who are engaged in using technology. Security comes 
when teachers have enough just-in-time technical assistance to ensure that they are able 
to constantly use their computer equipment for instruction. 
To promote technology use for instruction, a school community should include a 
technology mentor whose role is to nurture other teachers as they learn to use and teach 
with technology. There are many ways mentors can help teachers understand how to use 
technology. By working with students while the classroom teacher participates in the 
lessons, a mentor models the integration of technology into instruction. Classroom 
teachers can learn along with their students until they feel comfortable taking over 
teaching and lesson planning. A technology mentor might also go into classrooms and 
work with students while their teacher is present to observe. 
Teachers and other staff who use technology need to feel that their equipment requires 
little preparation before use, and is easily fixed when problems do arise. A highly 
accessible technology mentor can provide the just-in-time individualized technical 
instruction that empowers teachers to make full use of available computers and other new 
technologies. Technology mentors can take care of the many small problems that arise 
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when using technology for teaching, and they can help teachers master the many skills 
for using computers that are never presented in workshops or more formal training 
sessions. Just-in-time support by a technology mentor who can step in quickly, then leave 
when the crisis is over relieves stress and helps the teacher, as well as the students, stay 
focused on their work. Following are just a few situations where a technology mentor can 
quickly and easily provide support to a classroom teacher: 
1) when a printer fails to work and several students are anxiously awaiting the final copy 
of a paper they have just edited, but the classroom teacher has other students who 
need her attention 
2) when a teacher has a whole group of students in the computer lab using the Internet 
and questions arise about how to paste pictures the students have found into the 
documents they are creating 
3) when a student has not saved his or her work properly and/or can not find the work on 
a disk, on a particular computer, or on the network 
4) when classroom teachers are introducing new software tools to a large group and the 
software is challenging to use 
Though access to a technology mentor is extremely important in schools, teachers 
cannot take a totally "hands off' approach to troubleshooting problems. Teachers must 
feel empowered to attempt troubleshooting on their own when it is necessary, and with 
the knowledge that technical help will be provided quickly when they can't take care of a 
problem. A fifth-grade teacher who was interviewed for this study explained this issue 
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succinctly: "When I understand how to fix things and I am not afraid, then I just do it. 
When I was taught that I could make mistakes and learn from them without ruining the 
computer, I felt more confident." A sixth-grade teacher explained that it was important 
for him to have troubleshooting skills because it allowed him to fix things right on the 
spot with the kids and gave him a sense of power with the computer. Using equipment 
that works and is easy to operate is vital to any technology integration program. Without 
anxiety-free interaction with equipment, teachers will be unable to integrate technology 
into their teaching. Making help available to teachers when they have questions or need 
assistance is critical. 
District technical staff who are responsible for maintenance and repair of classroom 
computers must be able to respond to direct requests for assistance from school 
administrators and teachers. Teachers can learn from watching and helping with repairs, 
thus the need to provide technical assistance should also be considered an opportunity to 
offer additional training to the teacher. 
Within a school district, a balance must be maintained between concerns of technical 
staff with regard to maintaining computers, and concerns of teachers with regard to using 
their computers. The word "personal" in the term "personal computer" is important even 
in a school setting. Taking control of the computer completely out of the hands of the 
teacher and depersonalizing any technical assistance that might be needed removes the 
teacher (and his or her students) from a sense of mastery over the machine. Without a 
sense that the computer works for them as they would like it to, some teachers will 
simply avoid using the machine. Other teachers will be less interested, less creative, 
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and/or less productive than might otherwise be the case. Technical concerns and issues 
must always be balanced by teaching issues and concerns, with teachers having a voice in 
how their computer equipment works. 
Experiences Teaching With Technology 
Learning how to integrate technology into teaching requires hands-on experience. By 
providing hands-on experiences, professional development helps to make working with 
computers and other new technologies accessible and useful to teachers. Teachers will be 
able to more readily and easily apply newly acquired technical knowledge if a high 
percentage of the professional development sessions they attend are situated within the 
classrooms and computer labs where they will be teaching. Teachers must gain 
experience with those computers and new technologies that are available in their own 
physical and social contexts (i.e., where their teaching will take place). This is, in part, 
4 
because there is a tight connection between the ways in which teachers use technology, 
the classroom and/or school context, and the learning needs of their students. 
Professional development activities cannot be so abstract and removed from the rest of 
life in the classroom that teachers will not be able to apply what they learn. 
Teachers must also have access to the technological resources they need for working 
with their students (i.e., well maintained computers in their classrooms and/or school 
computer labs, appropriate software). Once teachers in this study had access to enough 
computers so that they could work with groups of students in their classrooms or work 
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with their whole class in a computer lab, they became highly motivated to improve their 
skills for teaching with technology. 
The assertion that knowledge acquisition needs to take place in the context where that 
knowledge will be applied seems to be in direct contrast to statements made above about 
the importance of workshops and courses in helping teachers develop skills and construct 
their visions of technology use in the classroom. Workshops support imaginative and 
creative processes that stimulate and motivate teachers to develop new skills, and to try 
out new skills when teaching. However, on a very practical level, to implement any kind 
of technology-based instruction, teachers must also have intimate knowledge of the 
technologies that are actually available for their use. The design of every technology 
professional development program must take into consideration the needs of teachers to 
become experienced with the classroom, lab, and library computers in their buildings. 
Where networks are available, teachers will need advice, support, and training to become 
experienced in the optimal use of network equipment and software. Networks can 
facilitate student writing and project completion by making software programs and 
specific data files easily accessible from many places in a school building. However, if 
teachers do not understand how to retrieve files from storage on a network, the school 
may as well not spend the money necessary to build networks. The money spent for 
digital cameras, scanners, projectors, and digital video equipment is also wasted if no one 
in a school understands how to use them. 
Professional development must offer a balanced approach that includes support for 
independent learning, as well as learning within social context. Traditionally, learning to 
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teach with technology has been considered primarily an individual activity in which skills 
are acquired largely through training and practice. Some of the teachers in this study did, 
in fact, prefer learning opportunities that offered support on an individual basis. For these 
teachers, powerful understanding took place through their own efforts to make sense of 
experiences combined with workshops and just-in-time support from a technology leader 
who could facilitate their learning. However, when access to appropriate computer 
resources combine with collaborative social interactions that support technology use in a 
school setting, these form a powerful context in which teachers can quickly learn to 
integrate technology into their teaching practices. The impact of social context on 
learning to teach with technology should therefore be considered in the design of 
professional development programs. Findings of this research study support a conclusion 
that the social environment within a school plays a very important role in stimulating and 
encouraging an individual to teach with technology. Responses of teachers who were 
interviewed indicated that colleagues and peers including other teachers, school 
administrators, technology teachers in the school, friends and relatives, and even parents 
of students in their classes, were major determinants of what teachers learned about 
technology and how that learning took place. Achieving an understanding of teaching 
with technology was facilitated by involvement in a school community where ideas about 
teaching with technology could be shared and practices developed within a supportive 
context. 
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Support For Planning Curriculum 
Providing technology professional development opportunities that support teachers as 
they plan lessons and curriculum is important. It is during planning that teachers 
synthesize their concerns about curriculum content with their knowledge of technology, 
their knowledge of the student learners they are working with, and their understanding of 
the unique school context in which they work. Reflection is a process integral to planning 
for the integration of technology into curriculum. Professional development 
opportunities that help teachers reflect on and draw conclusions from their everyday 
teaching experiences support curriculum planning. 
Technology professional development supports planning by providing teachers with 
abundant information access. Teachers interviewed for this study offered a variety of 
professional development ideas for sharing knowledge and increasing access to 
information about technology use for teaching. These included: 
1. mentoring relationships with a technology specialist or technology teacher-leader. 
Teachers use mentoring relationships to learn about software that might fit with the 
specific lesson they are planning, to review software and discuss how to teach it to 
students, and to help with technical questions or problems. Teachers need ready 
access to a technology specialist with whom they can brainstorm and get ideas that 
they might not have thought of. 
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2. observations of another teacher or technology specialist using particular software 
tools with students. Observations allow teachers to see students use software tools as 
part of a real teaching situation before they plan instruction. 
3. quick and easy startup ideas for integrating technology into the curriculum. Software 
and Internet web sites are pre-selected for teachers based on planned curriculum units 
and the software is provided as part of a curriculum kit. Planning then takes the form 
of experimenting with the recommended activities and Internet sites, to determine 
how these fit into a lesson plan. 
4. collaboration with other grade level teachers. Working together as a team to review 
the curriculum units that are taught and determine how these can be enhanced using 
technology. 
5. model teaching using technology. Observation of someone else teaching with 
technology can support teachers planning as well as their skill development. 
6. access to a catalogue of software available in the school, organized by content area 
and grade level. Planning time might then be used to research available resources for 
student use and/or to find technology based-learning tools that support student 
performances. 
7. access to a variety of different software programs to examine and try with a few 
students before using with larger groups or the whole class 
8. easy access to manuals and software guides 
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9. evening help lines where teachers could get answers to questions about technology- 
related issues as they plan the next day's lessons 
Curriculum planning can be made easier for teachers when they are trained to use the 
kinds of technology tools that support and enhance professional writing, research, data 
management, and information retrieval. Workshops and mentoring can help teachers 
understand the professional use of software tools such as word processors for 
professional writing (e.g., lesson plans, curriculum units, letters to parents), databases for 
organization of classroom data (e.g., schedules, family information, materials), idea webs 
for brainstorming and synthesizing ideas, the Internet for research, spreadsheets for data 
manipulation, and hard disk or network filing systems for storing and retrieving data 
files. Through professional development, teachers can learn how to use Internet websites 
to support planning by making online information resources readily accessible via 
hyperlinks. When teachers use technological tools to accomplish their own work and to 
access curriculum materials, they more fully appreciate how these same tools can become 
important for instruction and student learning. 
Reflection is a process integral to planning for the integration of technology into 
curriculum. Professional development opportunities can help teachers reflect upon and 
draw conclusions from their everyday teaching experiences by engaging them in 
evaluating their own technical skills and knowledge, in thoughtfully examining the 
technical resources of the school they work in, and in assessing their own relationship to 
both. By encouraging reflection and other forms of continuous inquiry into practice, 
professional development can help teachers expand their understanding of teaching with 
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technology and extract from their experiences the knowledge that leads to improved 
practice. 
Teaching with technology, like all teaching, is a complex integrated process that 
cannot be broken down into subsystems. Therefore, teaching with technology will not be 
learned one step at time in workshops. Increased integration of technology into teaching 
will only result when teachers have the time and support they need to reflect on their 
practices, discuss possibilities, and formulate new technology-based learning experiences 
tailored to the needs of their specific student population. Schools where professional 
development opportunities encourage teachers to interact over technology goals, 
technology curricula, and computer-based instructional practices can adapt to the needs 
of individual teachers and to the changing nature of technology. 
Supervision of Instruction 
For a school district to ensure that individual teachers learn how to effectively 
integrate new technologies into their teaching practices in a manner that advances school¬ 
wide objectives for technology integration, requires supervision of instruction. Beliefs 
about teaching and classroom practices are influenced by the expectations of supervisors, 
conveyed to teachers through the supervision process. Supervision is, therefore best done 
by school leaders who are skilled and knowledgeable in the use of instructional 
technologies. Supervision of instruction by school or technology leaders ensures that 
there is a process by which some person (or group of people) is responsible for guiding 
individual teachers as they work to integrate technology into their teaching practices. 
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There are many supervisory behaviors that can be used to different degrees depending 
upon the goals of supervision and the skill development of the teacher being supervised. 
These supervisory behaviors include listening, clarifying, encouraging, reflecting, 
problem solving, negotiation, direction, standardizing, and reinforcing. Glickman, 
Gordon, and Ross-Gordon, (1995, pg. 115) identify a sequence of four levels of 
supervisory approaches using these behaviors. These four approaches make up a 
continuum of control or power that the different participants maintain over the 
supervision process. 
1. Nondirective Interpersonal Approach - The supervisor listens to the teacher, clarifies 
what the teacher says, encourages the teacher to speak more about the problem, and 
reflects by verifying the teacher’s perceptions. A collaborative relationship is 
maintained because the supervisor functions as an active prober or sounding board 
enabling the teacher to make his or her own decisions. 
2. Collaborative Interpersonal Approach - The supervisor listens to the teacher’s point of 
view and clarifies what the teacher says in order to understand the problem. However, 
the supervisor also presents his or her own ideas and uses discussion to engage the 
teacher in problem solving. Both the teacher and the supervisor propose possible 
actions, and then negotiate to find a course of action satisfactory to both. Control over 
decisions is shared. 
3. Directive Informational Interpersonal Approach - The supervisor is the major source 
of information and provides the teacher with restricted choices. The teacher must 
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choose from several alternatives presented by the supervisor. After the teacher selects 
a course of action, the supervisor standardizes the time and criteria for expected 
results. 
4. Directive Control Interpersonal Approach - The supervisor directs the teacher in what 
will be done, standardizes the time and criteria of expected results, and reinforces the 
consequences of action or inaction. Directive control is useful only when teachers 
possess limited expertise and have little interest in working to meet technology 
objectives. Directive control can only be used by a supervisor whose position is above 
that of the teacher. It should be used fairly and cautiously, and probably serves best 
when used in response to an emergency. 
Ideally, nondirective interpersonal approaches to supervision would be effective in 
helping all teachers become autonomous technology users. However, when teachers show 
aversion to learning how to teach with technology, more directive supervisory approaches 
are required. More directive supervisory approaches are also necessary with teachers who 
continue to function at very early stages of technology adoption despite access to 
technology professional development and the time to avail themselves of learning 
opportunities. 
It is vital that the individual or individuals responsible for mentoring and/or 
supervision have both the technical and the pedagogical skills to help teachers 
successfully integrate technology into their teaching. Mentors and supervisors must also 
be knowledgeable of the schools' technology goals and be able to personally support 
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these goals as they work with teachers. The way school leaders incorporate technology 
into their own work on a daily basis can set a precedent for how technology will be used 
throughout a school. Just as technology should be incorporated as an integral element of 
daily instruction, rather than an add-on, school leaders must use appropriate technology 
in their own daily work. School leaders who use technology in their own work will make 
better-informed decisions because they will understand how technology can improve 
instruction, management, and personal productivity. 
Teaching to standards with technology can be also supported through appropriate 
supervision and the initiation of activities within the school that support continued 
exploration of technology use. Such activities might include: 
1. In-District conferences where teachers can choose from a variety of presentations 
focused on teaching to standards with technology tools. At such a conference, 
teachers might also be provided with a variety of software programs for review and 
the assistance they need for trying out the new software. 
2. Workplace visits. Teachers might visit classrooms where other teachers are using 
technology tools to teach to standards. 
3. Staff meeting discussions about technology can also be effective, as can journal 
sessions where teachers explore ideas from journal articles about teaching with 
technology. 
4. Attending out-of-district workshops and conferences, followed by discussion in 
which teachers are asked to share what they learned with the staff. 
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Video-taping lessons has been used successfully to assist teachers with the process of 
integrating technology into instruction. Taking the time to watch a videotape of 
themselves teaching, and discussing their reactions with colleagues or supervisors can 
expand teachers' understanding of teaching with technology. 
Supervision of instruction ensures that there is a system in place for monitoring the 
progress of individuals toward achieving technology professional development goals. 
Once a routine process of supervision is established, a district can use data gathered 
during supervision to develop a portrait of its professional staffs relationship with 
technology. That portrait can then be used as the foundation upon which professional 
development planning takes place. Used in this way, supervision becomes an opportunity 
for growth. School leaders who have technical expertise and are willing to embrace new 
assessment strategies can obtain accurate and meaningful data that will help to ensure 
continuous improvement in teaching and learning with technology. 
Collaboration 
An effective technology professional development program will encourage the growth 
of a learning culture within each school that is rich with informal, reflective partnerships 
and supportive relationships. Professional development efforts are most likely to result in 
full integration of technology into instruction when teachers can interact with others in 
their school community who are successfully employing it in teaching. Classroom 
teachers, like all other people, have their own profiles of strengths. Some find working 
with technology easy and exciting. Others find it difficult and frustrating. Yet, all are 
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responsible for creating a technology-rich learning environment for a wide range of 
students. To create classrooms and schools that use technology in ways that serve diverse 
learners, teachers need to complement their own areas of strength by drawing on the 
knowledge and strengths of their colleagues. Both informal and formal collaborations can 
support teachers as they help students learn. Students benefit from collaborations among 
teachers because they then have access to the full range of strengths present across the 
school staff. Such collaborations improve learning opportunities for diverse students 
within individual classrooms. 
Collaboration among teachers can support changes in teaching practices toward the 
use of more technology. Change is most successfully accomplished when a culture 
emerges in a school that recognizes the need for change and takes responsibility for that 
change. When teachers can interact with others who are teaching with technology and 
these practices are endorsed within their own school community, professional 
development efforts to help teachers integrate technology into their teaching practices are 
more likely to be successful. Several aspects of school culture seem particularly 
indicative of the emergence of a professional culture capable of supporting changes in 
teaching practices toward the integration of technology and the use of constructivist 
pedagogy: 
• the development of common goals and priorities for integrating technology among 
teachers, and between teachers and school administrators; 
• collaborative work among the teachers; 
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• opportunities for teachers to learn from one another; and 
• collective responsibility for teacher performance in all classrooms. 
Several teachers interviewed for this study indicated that a school culture supportive 
of technology integration had been important to them. A sixth-grade teacher identified 
"the network of people here at school who can help" as being one of the three most 
important things supporting his computer use. In addition, most of the teachers 
interviewed wanted to do more collaborative work, particularly in the area of technology 
curriculum development. Teachers in this study wanted to share curriculum ideas with 
other teachers working at similar grade levels and to collaborate on curriculum 
development. Teachers wanted more study group sessions to be held within the district, 
and they wanted more time to share teaching strategies. Collaboration among teachers 
helps them construct an understanding of teaching with technology and determine how 
integration might be accomplished. The use of constructivist approaches with technology 
may hinge on a school culture where support is available from colleagues. 
Collaboration can be done by teachers face to face, but given the fact that teachers' 
planning times do not necessarily overlap, telecommunications can also be used to extend 
the possibilities for interaction. Telecommunication can provide a vehicle for teachers to 
communicate with others, to ask questions about content and strategies, to share and get 
feedback on ideas, plans, and classroom uses of technology. Sharing and critiquing helps 
build and sustain a community of technology-using teachers in a school by providing 
teachers with the support of colleagues. As a result of listening to others' difficulties and 
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revealing one's own difficulties, teachers' motivation to persist at innovation, to try new 
practice, and to continue risk taking is increased. 
Recommendations 
Several types of recommendations will be offered in this section. The first two sets of 
recommendations extend the present study. One set of recommendations will be made for 
the professional development of inservice elementary school teachers. A second set of 
recommendations based on this study will be made for pre-service teacher training 
programs. If this study were replicated, there are other methods that could be used to 
conduct the study that have the potential to strengthen the findings. Recommendations for 
changes and improvements of this study are therefore offered. Finally, recommendations 
are made for additional research studies that would further our understanding of teaching 
and learning with technology. 
Recommendations for Elementary Schools 
The Technology Professional Development Approach that has been developed and 
advanced based upon the findings of this study is designed to support inservice teachers 
as they learn to integrate technology into their teaching and use pedagogical methods 
congruent with constructivist theories of learning. Constructivist teaching has been found 
to require continual learning and adaptation because it has improvisational characteristics 
that demand quick judgments that cannot be determined ahead of time. Constructivist 
teaching begins with a driving question, encompassing worthwhile content that is 
meaningful and anchored in a real-world problem or question. Investigations are 
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conducted that allow students to ask and refine questions, debate ideas, and make 
predictions. Students design experiments and collect information for analysis. 
Technology supports constructivist teaching in many important ways. Access to 
information for the study of real-world problems and data gathering are made easier 
through the use of computer networks and the World Wide Web. Technology also 
supports data analysis by providing multiple ways for students to represent knowledge as 
they address the question or problem they are working on. Students can use computers 
and other new technologies to represent knowledge and ideas in words, pictures, tables, 
charts and graphs, mathematical formulae, and calculations. Technology also helps 
students clearly communicate their findings and ideas to others by making document 
preparation easier and by making it possible for students to create many different kinds of 
documents. Communication might be done through the use of written reports, multimedia 
presentations, or even structured hypertext documents. 
The revised approach for technology professional development presented in this study 
ensures that teachers will have the professional development opportunities they need to 
confront the challenges and rewards of integrating technology into instruction. The 
elements making up this revised technology professional development approach represent 
a series of steps that a school district should take to help teachers master the new 
technologies and information literacy skills that their students will find necessary in order 
to enter today's workforce. The sequence in which these elements are presented is 
considered appropriate for professional development planning but in no way should be 
considered the only possible sequence that a school district could employ to ensure the 
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effectiveness of technology professional development. It is, however, recommended that 
provisions be made in a district technology plan to include all elements of the process. 
In order to use constructivist teaching methods while working with technology, 
teachers need technical skills, a degree of expertise in the use of specific software 
programs, an understanding of how software and online resources address specific 
curriculum content, and the pedagogical skills to teach with computers. A system for 
assessing the outcome of instruction using technology is also required. The teachers 
involved in this research study identified workshops and training sessions as effective in 
helping them gain technical skills. Workshops encapsulate information and present it in a 
format that is easy for teachers to understand. Workshops tend to organize information 
and skills into subsystems to be mastered one at time and used as prescriptions in 
practice, thus reducing frustration and confusion while learning new skills. However, 
findings of this study indicate that workshops alone can not begin to help teachers master 
all aspects of the complex process of teaching with technology. To master teaching with 
technology, teachers need reflect on possibilities, plan learning experiences for students 
that are tailored to their changing needs, and collaborate with other teachers who are 
working to develop similar skills and practices. Each teacher must integrate technology 
into instruction in a manner that remains faithful to his or her own understanding and 
takes into account the goals, preferences, and constraints of his or her unique teaching 
situation. Field testing ideas with students and thus gaining experience teaching with 
technology is also important for teacher understanding. 
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School districts need to carefully consider the kinds of mentor support and technical 
systems support made available to assist teachers. Many schools have identified 
technology specialists whose role involves providing assistance when it is needed. 
Teachers in this study repeatedly pointed out the importance of such a support system. 
While technology specialists can support classroom teachers as they learn the basic skills 
needed for teaching with computers, an important professional development goal to keep 
in mind is the need for classroom teachers to become as independent as possible. This 
study showed teachers to be functioning along a continuum in their ability to integrate 
technology into instruction. In an effort to help individual classroom teachers move along 
the continuum toward effectively using technology as an integral part of instruction, a 
technology specialist might function as the primary teacher for a few computer-based 
lessons, while the classroom teacher learns with his or her students. However, technology 
specialists must gradually move into a supporting role (e.g., possibly by providing a set 
of extra hands or a bit of supplementary expertise in the classroom or computer lab) 
while the classroom teacher becomes increasingly responsible for instruction. Classroom 
teachers must begin to play the lead instructional role in the use of technology with 
students, or professional development cannot be considered to have effectively helped 
teachers integrate technology into their teaching. The roles of technology specialists 
change as classroom teachers develop more skills and greater independence. A role 
reversal of sorts occurs in which the classroom teacher begins to take the leadership 
position during technology-based instruction of students. This change of roles can be 
difficult for specialists and classroom teachers alike. However, if classroom teachers are 
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to gain in-depth understanding of teaching with technology, it is essential that they take 
charge of instruction. 
Changes in teachers' pedagogy toward more integration of technology remain 
superficial when the changes are entirely externally mandated. Integration of technology 
is most successfully accomplished when teachers play a role in developing the rationale 
for its use, for constructing implementation strategies, and for choosing the specific 
resources to be used. The professional development approach put forward in this study 
helps teachers to do just that. It should be noted, however, that giving teachers good 
access to the technological resources they need to work with students (e.g., well 
maintained computers in their classrooms and/or school computer labs, and appropriate 
software) plays a very important role in motivating teachers to leam the skills for 
teaching with technology. There is a tight connection between the ways teachers use 
technology for instruction, the learning needs of their students, and the classroom and/or 
school context. When computers and other new technologies are available and teachers 
have support for employing the technology in instruction, they begin to see how 
technology can bolster student learning. In response, their motivation to gain skills 
increases. By providing examples and hands-on experiences teaching with technology, 
professional development helps to make computers and other new technologies 
accessible and useful to teachers. 
The importance of creating and communicating a vision (or understanding) of how 
technology supports teaching and learning must be emphasized. Developing and 
communicating a vision of technology integration is not a process for school district 
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leaders alone. Creation of a vision must include all those who will be asked to teach with 
the technology. Creation of a vision for technology integration must also be part of an 
ongoing collaborative process for planning professional development. Some school 
leaders believe that when their vision for technology integration is expressed in ways that 
are meaningful, teachers and others working with students will share in that vision. 
However, this research study suggests that the creation of a vision of technology 
integration must take place at many levels, including within each individual teacher. 
Therefore, it becomes the work of school leaders to help their staff form and articulate a 
vision of how technology will be used to support teaching, learning, and even school 
management. Creating and communicating a vision of technology integration that 
synthesizes the needs of diverse groups within a school and/or school district while 
fostering continued excellence in teaching and learning must be seen as a priority. 
Changes that promote innovation in schools require new roles for school leaders. The 
shift toward integration of new technologies into teaching requires that school leaders 
rethink their core beliefs about pedagogy. They will need to understand how to help 
teachers de-emphasize the presentation of facts and move toward helping students leam 
how to think critically, solve problems, and make informed decisions (Kozma & Schank, 
1998; Lanier, 1997). School leaders are in a position to help teachers understand the ways 
technology can support this kind of instruction. By providing supervision for teachers as 
they reflect on their teaching practices with technology, school leaders can help reluctant 
teachers find ways to incorporate technology into their teaching. Unfortunately, training 
that supports school administrators as they attempt to handle the ever-growing 
237 
complexities of technology integration is often weak or nonexistent. To help classroom 
teachers interface between students and educational technology, administrators need 
ongoing training and support in understanding technology management issues, the effects 
of technology on educational change, and the administrative uses of technology. 
Without the support of leadership, many different kinds of roadblocks to effective 
technology integration are likely to arise. Ritchie (1996) lists eight variables that impact 
technology adoption and implementation in classrooms. Of these, a lack of administrative 
leadership is identified as the most critical. In this study, teachers repeatedly pointed to 
administrative and supervision issues as having an impact on their use of technology for 
teaching. Future research must examine how leadership and supervision can most 
effectively promote technology integration into teaching. Questions about the most 
effective kinds of supervision also need to be addressed through future research. 
Assessment and evaluation need to be conducted to ensure that technology based 
instruction is meeting the needs of students. In each school district, decisions will have to 
be made regarding responsibility for evaluation. Those responsible for evaluating 
technology integration must understand that innovative applications of technology may 
require the use of non-traditional forms of assessment to obtain accurate and meaningful 
data. School leaders will have to determine what types of evaluation information can give 
the best picture of technology’s impact. Issues of increased accountability for student 
achievement and pressure on schools to perform on standardized tests will also have to be 
considered during the processes of technology assessment and evaluation. Decisions will 
have to be made regarding how technology should be employed for assessment and 
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evaluation, and how data can be presented so that it realistically supports further decision 
making. 
Research into the effect of leadership on successful technology integration was beyond 
the scope of this study. However, results do suggest that teachers need to be involved to 
some degree in decision making regarding technology in their schools. Future research 
might be done to determine the effects of decision making about technology that is shared 
between school leaders and teachers, the technical staff responsible for building 
infrastructure and maintaining computers, the community, and even the students. Future 
research must also answer questions about how school structure and leadership need to 
change in order to support effective technology integration into teaching and learning. 
Recommendations for Pre-service Teacher Training Programs 
Higher education programs need to gear up to help teachers-in-training understand the 
role of technology in schools and develop the technical skills necessary to integrate 
technology into instruction. The effective integration of new and emerging technologies 
does not simply mean access to computers, wires, and networks. It requires simultaneous 
understanding of pedagogy, curriculum, assessment, and school organization. 
College coursework which integrates technology into instruction can provide powerful 
examples for teachers-in-training of how technology might be integrated into their own 
teaching practices. For example, the software program Mathematica might be embedded 
into college mathematics coursework; idea webbing using Inspiration might be used 
during writing and literature courses. 
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In addition to courses that use technology to teach other subject matter knowledge, 
teachers-in-training will benefit from courses that provide direct technical instruction in 
how to use computers, networks, the Internet, complex software programs, and video 
technologies. Using email and the Internet for professional development, keeping student 
records in a database to ensure easy access to information, using a grade book program to 
help calculate student grades, creating multimedia presentations for classroom 
instruction, and using multimedia applications for creating student portfolios are a few 
examples of new technologies that teachers-in-training should know before beginning to 
teach. 
Understanding how to use networks and the Internet effectively for information 
storage and retrieval will be important for teachers-in-training. Web pages are powerful 
tools for storing and accessing curriculum ideas and materials. Thus knowing how to 
create and continually update web pages will allow teachers to keep important documents 
and research information accessible. Because curriculum ideas and materials stored on 
web pages are easy to share with others, web pages make it easier to collaborate on 
curriculum development. 
When placing pre-service educators in teaching internships, access to computers and 
other new technologies for teaching should be a consideration. In order to develop the 
skills needed to teach with technology, access to a mentor teacher who is able to use 
technology effectively for instruction can help a young teacher-in-training gain both 
technical skills and an understanding of how technology supports learning. Teachers-in- 
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training will need to learn a variety of technology-based methods for delivering 
instructional content. 
When hiring new teachers, many school districts ask to see a "Teaching Portfolio". 
Given the expense of providing technology professional development for inservice 
teachers, it is in a school district's best interest to hire new teachers whose portfolios 
include lesson plans and examples of student projects that demonstrate effective use of 
instructional technologies. Teacher education programs might help their teachers- in¬ 
training prepare such portfolios using a variety of software programs and technologies. 
Construction of their own portfolios using technology provides an example for new 
teachers that they can later employ with students. 
Higher education needs to provide appropriate opportunities for emerging school 
leaders to learn more about integrating technology effectively into their practices. College 
or university study by those interested in educational leadership needs to include training 
in technical skills and a focus on understanding how the use of educational technologies 
affects pedagogy. Emerging school leaders will have to understand the steps necessary 
for planning and engaging teachers in professional development activities that ensure 
appropriate integration of technology into teaching and the learning of students. 
Suggestions for Future Research 
If this research were to be repeated, there are additional considerations that could be 
built into the study to improve the cogency of its findings. If replicated, the study should 
include middle- as well as high-school teachers. Teachers of older students may have 
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needs for technology professional development that vary somewhat from the needs of 
elementary teachers. The technology professional development approach that most 
effectively meets the needs of high-school teachers may diverge from approaches 
effective for elementary teachers because high-school teachers are focused on teaching 
specific subject-area content. This focus on teaching subject-area content may by 
necessity change a school district's approach to technology professional development. 
The inclusion of more than one school district in a future study might shed light on 
additional issues that significantly affect the technology professional development needs 
of teachers and ultimately their ability to integrate technology into teaching. The unique 
cultures that exist within school buildings, and additionally within school districts, are 
likely to affect the approaches that can be used successfully for technology professional 
development. 
If replicated, this study would be improved by considering administrative policy that 
may affect teachers' participation in technology professional development and ultimately 
their ability to teach with technology. School administration and technology leadership 
issues that affect the integration of technology need to be elaborated. 
A review of the work done for this study sheds light on some interesting questions that 
should be addressed through research in the future. A number of teachers in this study 
reported that having a computer at home enhanced their ability to integrate technology 
into their teaching. Research into the effects of home computer might help to further 
define the kinds of experiences that strengthen teachers' technology skills. 
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Future research might also examine the relationship between years of experience in 
teaching and the ability to effectively integrate technology into instruction. Politicians 
and the public have speculated that computers will be used more effectively in schools 
when younger teachers replace veterans. However, in this study, the teachers who 
described technology as an important instructional tool, integral to task completion and 
construction of knowledge by students, were all teachers with many years of experience 
in the classroom. It was the veteran teachers who were most excited about the changes 
technology enabled in their teaching practices, and who most quickly understood how 
technology supported the use of constructivist teaching practices. The interplay of 
constructivist teaching methods with the use of technology, and their relationship to 
experience in education might prove a fascinating research topic. 
Questions remain to be answered through research about the effect of technology on 
student learning. Once classroom teachers can skillfully integrate technology into 
instruction, researchers should take an in-depth look at how technology affects learning. 
Questions such as the following might be addressed: Does technology enhance the 
learning of all students or are there some that learn far less as the result of using 
technology? Just as there are students who need assistance to learn handwriting skills 
with a pen or pencil, will there be students who need remedial assistance to leam to use 
computers for writing and other kinds of performances? Are we creating a new group of 
learning disabled students who can not effectively employ technology for learning? 
Teachers and school administrators have begun to observe that a technological divide 
exists between students with access to computers at home and students who do not have 
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access or experience with computer technology outside of school. It will be challenging 
for schools to cope with this technological divide, and further research could help find 
ways for schools to diminish the effect on student learning. 
Questions need to be raised about how computer keyboarding skills can be taught 
most effectively. Many children are now using computer keyboards long before they 
enter school, and they are developing keyboard habits before they are old enough to reach 
all the keys. Research into the kind of keyboarding instruction necessary to help students 
be as productive as possible at all ages will be necessary in the future. 
Rather than the linear documents humans have created throughout written history, 
students using technology will more frequently be learning from and working with 
structured documents (such as the hyper-linked documents found on the World Wide 
Web). As yet, we have no idea how working with structured documents will affect 
student learning and intellectual development. This and many other questions about 
student learning will need to be examined through research as technology begins to 
permeate classroom instruction. 
Closing 
Technology professional development should ideally help teachers employ not only 
the best technology in the service of student learning, but also the most appropriate 
pedagogy for teaching with technology. This research study was an effort to define the 
elements of a technology professional development program that would help teachers use 
pedagogical methods consistent with constructivist theory while incorporating 
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technology into instruction. Teachers in the Amherst Public Schools in Amherst, 
Massachusetts participated in action research as they engaged in a three-year process to 
gain these skills. 
Findings of this study indicated that acquiring the skills necessary to teach with 
computers and other new technologies is a complex, multi-step process. To help teachers 
integrate technology into instruction, school districts should include six essential 
elements in a technology professional development process. These elements include: 
skills training, mentor support for the use of technology, a variety of hands-on 
experiences teaching with technology in the context of the classroom and computer lab 
(with support if necessary), professional development support for planning curriculum 
that integrates technology, supervision of instruction, and collaboration. When all six of 
these elements are included in a technology professional development approach, school 
districts can be certain that all the necessary conditions and structures are in place for 
helping teachers integrate technology into instruction. 
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APPENDIX A 
1996 NEEDS ASSESSMENT 
Massachusetts Department of Education - Skills Levels Survey 
Awareness (AWR) An introductory level of experience. Person does not necessarily 
possess working knowledge, but understands the basic advantages technology can 
provide 
Functional Use (FNC) Beginning use of technology. Person has the capability to begin 
independently using computer technology in the classroom or for administrative use. 
Application (APP) An intermediate level of experience. Person possesses working 
knowledge of the technology as it is integrated in the classroom or administratively. 
Management (MGT) Can teach this technology to others. Person can help others learn to 
use courseware and create materials that link computer technology to current curriculum 
and/or the Curriculum Frameworks. 
Please indicate your SKILL LEVEL and your PRIORITY for training for the 
technologies listed:_ 
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Computer Assisted Instruction - Using computers for drill, tutorials, 
games, simulations, etc. . 
Creativity Technologies - Using paint and draw software, and software 
for music composition, art, or photography. 
Data Manipulation - Using graphs, statistical analysis, spreadsheets, and 
database software. 
Design Technologies - Using robotics, CAD/CAM, layout design, etc. 
Telecommunications - Using the Internet and email 
1 
ti 
• 
Presentation Technologies - Using PowerPoint, Multimedia, 
HyperStudio, etc. 
:• ‘; 
iV M 
Publishing and Productivity Technologies - Word processing and 
desktop publishing. 1 
3.r: 
i| 
Research Technologies - Online encyclopedias, searchable databases, & 
electronic library access. 
« 
Learning Management Technologies - Using assessment software, 
electronic portfolios. Curriculum Frameworks, and resource linkages. lif 
?iC 
246 
Table A.l 
1996 Needs Assessment Results 
Elementary School 1 None Awarenes Functional Applicatio Manageme 
Computer Aided 7 5 10 3 1 
Creative Technologies 10 11 4 0 1 
Data Manipulation 14 10 1 1 0 
Design Technologies 21 3 2 0 0 
T elecommunications 7 9 7 1 2 
Presentation 21 1 3 1 0 
Publishing and 3 4 13 3 3 
Research Technologies 7 9 9 1 0 
Learning Management 18 6 2 0 0 
Elementary School 2 None Awarenes Functional Applicatio Manageme 
Computer Aided 3 4 10 11 4 
Creative Technologies 9 9 9 4 1 
Data Manipulation 14 9 5 3 1 
Design Technologies 23 7 1 1 0 
Telecommunications 7 9 7 5 4 
Presentation 18 6 4 3 1 
Publishing and 4 3 7 15 3 
Research Technologies 10 5 10 6 1 
Learning Management 24 5 2 1 0 
Elementary School 3 None Awarenes Functional Applicatio Manageme 
Computer Aided 1 4 6 8 1 
Creative Technologies 5 8 5 2 0 
Data Manipulation 10 7 1 1 1 
Design Technologies 16 4 0 0 0 
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T elecommunications 6 5 7 1 1 
Presentation 13 6 0 0 1 
Publishing and 3 4 6 6 1 
Research Technologies 6 5 5 3 1 
Learning Management 15 5 0 0 0 
Elementary School 4 None Awarenes Functional Applicatio Manageme 
Computer Aided 1 6 7 4 5 
Creative Technologies 3 10 7 1 2 
Data Manipulation 6 8 5 3 1 
Design Technologies 12 4 6 1 0 
T elecommunications 4 6 5 4 4 
Presentation 12 4 4 2 1 
Publishing and 2 6 3 6 6 
Research Technologies 5 7 6 3 2 
Learning Management 10 8 4 1 0 
Totals - All Schools None Awarenes Functional Applicatio Manageme 
Computer Aided 12 19 33 26 11 
Creative Technologies 27 38 25 7 4 
Data Manipulation 44 34 12 8 3 
Design Technologies 72 18 9 2 0 
Telecommunications 24 29 26 11 11 
Presentation 64 17 11 6 3 
Publishing and 12 17 29 30 13 
Research Technologies 28 26 30 13 4 
Learning Management 67 24 8 2 0 
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Figure A.l 
1996 Needs Assessment Results 
Computer Aided Instruction 
Skill Levels Totals Percentage 
None 12 12% 
Awareness 19 19% 
Functional Use 33 33% 
Application # 26 26% 
Management 11 11% 
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Data Manipulation 
Skill Levels Totals Percentage 
None 44 44% 
Awareness 34 34% 
Functional Use 12 12% 
Application 8 8% 
Management 3 3% 
Design Technologies 
Skill Levels Totals 
None 72 
Awareness 18 
Functional Use 9 
Application 2 
Management 0 
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Telecommunications 
Skill Levels Totals 
None 24 
Awareness 29 
Functional Use 26 
Application 11 
Management 11 
Percentage 
24% 
29% 
26% 
11% 
11% 
V) 
o 
> 
II 
15 
00 
Management 
Application 
Functional Use 
Awareness 
None 
Number of Teachers At Skill Level 
Presentation Technologies 
Skill Levels Totals Percentage 
None 64 63% 
Awareness 17 17% 
Functional Use 11 11% 
Application 6 6% 
Management 3 3% 
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Publishing and Productivity 
Skill Levels Totals 
None 12 
Awareness 17 
Functional Use 29 
Application 30 
Management 13 
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Awareness 26 26% 
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Learning Management 
Skill Levels Totals Percentage 
None 67 66% 
Awareness 24 24% 
Functional Use 8 8% 
Application 2 2% 
Management 0 0% 
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APPENDIX C 
TEACHER SELF EVALUATION RUBRICS FOR COMPUTER USE 
Self-Evaluation Rubrics for Basic Teacher Computer Use - Form One 
Demographics 
Name (optional) Age 
School Sex 
Grade/Position Date 
Please circle the number of any statement that describes your current level of skill 
I. Basic Computer Organization 
1. I do not use a computer. 
2. I can use a computer to run a few specific, pre-loaded programs. Computers have 
little effect on either my work or home life. I am somewhat anxious I might damage 
the machine or it's programs. 
3. I can turn on my computer and all peripheral devices. I can load software from floppy 
disks or CD-ROM. I can print documents without assistance. I can access a computer 
program by clicking my mouse button on the appropriate icons on my screen. I can 
use most of the operating system tools. I can format a data disk. 
4. I can run two programs simultaneously and can have several windows open at the 
same time. I can customize the look and sounds of my computer. I can work with 
multiple files. Computers are important to my work life. I use them professionally 
and for teaching my students. I look for technologies and software programs that will 
maximize my effectiveness with students. I feel confident enough to teach others 
basic computer operations. 
II. File Management 
1. I do not save any documents I create using the computer. 
2. I save documents I’ve created, but I cannot choose where they are saved. I do not back 
up my files. 
3. I have a filing system for organizing my files and can locate files quickly and reliably. 
My files are important so I make backup copies on a floppy disk or other stoiage 
device on a regular basis. 
4. I create folders on my computer's hard drive so that I can organize my files by topic. I 
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regularly run the disk optimizer. I have a system for archiving files that I do not need 
on a regular basis to conserve my computer's disk space. 
III. Word Processing 
1. I do not use a word processor, and I cannot identify any uses it might have that would 
benefit the way I work. 
2. I occasionally use the word processor for simple documents that I know I will modify 
and use again. I generally find it easier to hand write or type most of my written work 
3. I use the word processor for nearly all my written professional work: memos, tests, 
worksheets, and home communications. I can edit, spell check, and print a document. 
I can change the format of a document, paginate, and use Print Preview before 
printing my work. 
4. I can use a word processor efficiently to make my written work look professional. I 
use the word processor with students to help them develop their written 
communication skills. 
IV. Spreadsheet Use 
1. I do not use a spreadsheet, and I cannot identify any uses or features it might have 
that would benefit the way I work. 
2. I understand the use of a spreadsheet and can navigate within one. I can create a 
simple spreadsheet to add, subtract, multiply or divide a column of numbers. 
3. Within a spreadsheet program, I can create formulas, format cell properties, and 
change column widths and text style. I can use the spreadsheet to make a simple 
graph or chart. 
4. I use the spreadsheet not only for my work but also with students to help them 
improve their own data keeping and analysis skills. 
V. Database Use 
1. I do not use a database, and I cannot identify any uses or features it might have that 
would benefit the way I work 
2. I understand the use of a database and can locate information within one that has been 
pre-made. I can add or delete data in a database. 
3. I use databases for personal applications. I can create an original database by defining 
fields and creating layouts. I can find, sort, and print information in layouts that are 
clear and useful to me. 
4. I can use formulas with my database to create summaries of numerical data. I can 
merge database information into a word processed document. I use the database not 
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only for my work but also with students to help them improve their own data keeping 
and analysis skills. 
VI. Graphics Use 
1. I do not use graphics in my word processing or presentations, and I cannot identify 
any uses or features they might have that would benefit the way I work. 
2. I can open pictures within a painting or drawing program. I can create simple pictures 
with a painting or drawing program. I use both pre-made clip art and simple original 
graphics in my word-processed documents and presentations. 
3. I can edit clip art, change its size, and place it on a page. I can purposefully use most 
of the drawing tools within a drawing or designing program. I can use the clipboard to 
take graphics from one application to another. 
4. The use of graphics in my work helps clarify or amplify my message. I use graphics 
not only for my work but also with students to help them improve their own 
communications. I can use graphics and the word processor to create a professional¬ 
looking newsletter. 
VII. Network Use 
1. I do not use the online or network resources available in my building, and I cannot 
identify any uses or features they might have that would benefit the way I work. 
2. I understand that there is a large amount of information available to me as a teacher 
that can be accessed through networks, including the Internet. With the help of the 
media specialist, I can use some of the resources on the network in our building. 
3. I use the network to access professional and personal information from a variety of 
sources, including networked CD-ROM reference materials, online library catalogs, 
the ERIC database and the World Wide Web. I have an email account that I use on a 
regular basis. 
4. Using the network in our building and telecommunications, I can download files and 
programs from remote computers. I use networks and telecommunications with my 
students. 
VIII. World Wide Web Use 
1. I do not the World Wide Web, and I cannot identify any uses or features that would 
benefit the way I work. 
2. I can se the World Wide Web to find information. I use search engines to help 
navigate the Web. 
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3. I can create my own web pages for information presentation. The web pages I create 
use navigation buttons, sounds, graphics, and text fields. I have published pages on a 
website using tools such as Claris Homepage, FrontPage, or FTP. 
4. I use a class web site with students for information, presentation, and communication. 
IX. Student Assessment 
1. I do not use the computer for student assessment. 
2. I understand that there are ways I can keep track of student progress using the 
computer. I keep some student-produced materials on the computer. I write 
evaluations of student work and notes to parents with the word processor. 
3. I effectively use an electronic grade book to keep track of student data. I keep 
portfolios of student-produced materials on the computer. I use the electronic data 
during parent/teacher conferences. 
4. I rely on the computer to keep track of outcomes and objectives students have 
mastered. I use that information in determining assignments, teaching strategies, and 
groupings. 
X. Ethical Use Understanding 
1. Iam not aware of any ethical issues surrounding computer use. 
2. I know that some copyright restrictions apply to computer software. 
3. I clearly understand the difference between freeware, shareware, and commercial 
software. I know the programs for which the district or my building holds a site 
license. I understand the school board policy on the use of copyrighted materials. I 
demonstrate ethical usage of all software and let my students know my personal stand 
on legal and moral issues involving technology. 
4. I have a personal philosophy I can articulate regarding the use of technology in 
education. I am aware of other controversial aspects of technology use, including data 
privacy, equitable access, and free speech issues. I can speak about a variety of 
technology issues at my professional association meetings, to parent groups, and to 
the general community. 
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Self-Evaluation Rubrics for Basic Teacher Computer Use - Form Two 
Demographics 
Name (opt.) Age 
School Sex 
Grade/Position Date 
Please circle the number of any statement that describes your current level of skill 
I. Basic Computer Organization 
1. I do not use a computer. 
2. I can use a computer to run a few specific, pre-loaded programs. 
3. Computers have little effect on either my work or home life. 
4. I am somewhat anxious I might damage the machine or it's programs. 
5. I can turn on my computer and all peripheral devices. 
6. I can load software from floppy disks or CD-ROM. 
7. I can print documents without assistance. 
8. I can access a computer program by clicking my mouse button on the appropriate 
icons on my screen. 
9. I can use most of the operating system tools: 
I can use the Start Menu, 
I can use the Control Panel, 
I can use the Find command, 
I can use the Recycling Bin (trash can). 
10.1 can format a data disk. 
11.1 can run two programs simultaneously and can have several windows open at the 
same time. 
12.1 can customize the look and sounds of my computer. I can work with multiple files. 
13. Computers are important to my work life. I use them professionally and for teaching 
my students. 
14.1 look for technologies and software programs that will maximize my effectiveness 
with students. 
15.1 feel confident enough to teach others basic computer operations. 
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II. File Management 
1. I do not save any documents I create using the computer. 
2. I save documents I've created, but I cannot choose where they are saved. 
3. I do not back up my files. 
4. I have a filing system for organizing my files and can locate files quickly and reliably. 
5. My files are important so I make backup copies on a floppy disk or other storage 
device on a regular basis. 
6. I create folders on my computer's hard drive so that I can organize my files by topic. I 
regularly run the disk optimizer. 
7. I have a system for archiving files that I do not need on a regular basis to conserve my 
computer's disk space. 
III. Word Processing 
1. I do not use a word processor, and I cannot identify any uses it might have that would 
benefit the way I work. 
2. I occasionally use the word processor for simple documents that I know I will modify 
and use again. I generally find it easier to hand write or type most of my written 
work. 
3. I use the word processor for nearly all my written professional work: memos, tests, 
worksheets, and home communications. 
4. I can edit, spell check, and print a document. 
5. I can change the format of a document, paginate, and use Print Preview before 
printing my work. 
6. I can use a word processor efficiently to make my written work look professional. 
7. I use the word processor with students to help them develop their written 
communication skills. 
IV. Curriculum Content 
1. I do not use educational software programs with students in my classroom. 
2. I use drill-and-practice software with students to engage them in worksheet activities. 
3. I use basic authoring types of applications with students such as word processors, 
drawing and presentation programs. 
4. I use simulation programs (e.g., SimCity, A.D.A.M.; Oregon Trail) with students on a 
regular basis as part of the curriculum. 
5. Students in my classroom use CD-ROM research resources such as online 
encyclopedias. 
6. Students in my classroom use the World Wide Web as part of the curriculum. 
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7. Students in my classroom make use of networked communications such as email to 
contact resources outside the classroom on a regular basis as part of the curriculum. 
V. Spreadsheet Use 
1. I do not use a spreadsheet, and I cannot identify any uses or features it might have 
that would benefit the way I work. 
2. I understand the use of a spreadsheet and can navigate within one. 
3. I can create a simple spreadsheet to add, subtract, multiply or divide a column of 
numbers. 
4. Within a spreadsheet program, I can create formulas, format cell properties, change 
column widths and text style. 
5. I can use the spreadsheet to make a simple graph or chart. 
6. I use the spreadsheet not only for my work but also with students to help them 
improve their own data keeping and analysis skills. 
VI. Database Use 
1. I do not use a database, and I cannot identify any uses or features it might have that 
would benefit the way I work 
2. I understand the use of a database and can locate information within one that has been 
pre-made. 
3. I can add or delete data in a database. 
4. I use databases for personal applications. 
5. I can create an original database by defining fields and creating layouts. 
6. I can find, sort, and print information in layouts that are clear and useful to me. 
7. I can use formulae with my database to create summaries of numerical data. 
8. I can merge database information into a word processed document. 
9. I use the database not only for my work but also with students to help them improve 
their own data keeping and analysis skills. 
VII. Graphics Use 
1. I do not use graphics in my word processing or presentations, and I cannot identify 
any uses or features they might have that would benefit the way I work. 
2. I can open pictures within a painting or drawing program. 
3. I can create simple pictures with a painting or drawing program. 
4. I use both pre-made clip art and simple original graphics in my word-processed 
documents and presentations. 
5. I can edit clip art, change its size, and place it on a page. 
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6. I can purposefully use most of the drawing tools within a drawing or designing 
program. 
7. I can use the clipboard to take graphics from one application to another. 
8. The use of graphics in my work helps clarify or amplify my message. 
9. I use graphics not only for my work but also with students to help them improve their 
own communications. 
10.1 can use graphics and the word processor to create a professional-looking newsletter. 
VIII. Network Use 
1. I do not use the online resources available in my building, and I cannot identify any 
uses or features they might have that would benefit the way I work. 
2. I understand that there is a large amount of information available to me as a teacher 
that can be accessed through networks, including the Internet. 
3. With the help of the media specialist, I can use the resources on the network in our 
building. 
4. I use the networks to access professional and personal information from a variety of 
sources, including networked CD-ROM reference materials, online library catalogs, 
the ERIC database, and the World Wide Web. 
5. I have an email account that I use on a regular basis. 
6. Using telecommunications, I can download files and programs from remote 
computers. 
7. I use telecommunications with my students. 
IX. World Wide Web Use 
1. I do not the World Wide Web, and I cannot identify any uses or features that would 
benefit the way I work. 
2. I can navigate through the World Wide Web to find information. 
3. I can use search engines to help navigate the Web. 
4. I can create my own web pages for information presentation. 
5. The web pages I create use navigation buttons, sounds, graphics, and text fields. 
6. I have published pages on a web site using tools such as Claris HomePage, MS 
Frontpage, or FTP. 
7. I use a class web site with students for information presentation and communication. 
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X. Student Assessment 
1. I do not use the computer for student assessment. 
2. I understand that I can keep track of student progress using the computer. 
3. I keep some student-produced materials on the computer. 
4. I write evaluations of student work and notes to parents with the word processor. 
5. I effectively use an electronic grade book to keep track of student data. 
6. I keep portfolios of student-produced materials on the computer. 
7. I use the electronic data during parent/teacher conferences. 
8. I rely on the computer to keep track of outcomes and objectives students have 
mastered. I use that information in determining assignments, teaching strategies, and 
groupings. 
XI. Ethical Use Understanding 
1. Iam not aware of any ethical issues surrounding computer use. 
2. I know that some copyright restrictions apply to computer software. 
3. I clearly understand the difference between freeware, shareware, and commercial 
software. 
4. I know the programs for which the district or my building holds a site license. 
5. I understand the school board policy on the use of copyrighted materials. 
6. I demonstrate ethical usage of all software and let my students know my personal 
stand on legal and moral issues involving technology. 
7. I have a personal philosophy I can articulate regarding the use of technology in 
education. 
8. I am aware of other controversial aspects of technology use, including data privacy, 
equitable access, and free speech issues. I can speak about a variety of technology 
issues at my professional association meetings, to parent groups, and to the general 
community. 
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APPENDIX D 
RUBRICS FOR ADOPTION OF COMPUTER TECHNOLOGIES IN TEACHING 
Please circle all rubrics that apply to you: 
1. I have made a commitment to find the time and to put effort into learning the skills 
needed to use computer hardware and software. 
2. In collaboration with the school administrator, I have drafted a plan that identifies my 
skill goals in technology, and have identified some training opportunities I would like 
to take advantage of. 
3. I have established a means of regular access to a computer for use at school and at 
home. 
4. I am excited about and interested in learning more about computer technology. 
5. Iam determined to gain the practical computer and software skills that I need to know 
in order to add computer technologies to instruction in my classroom. 
6. I have completed simple computer based projects and activities that allow me to 
apply what I am learning about computer hardware and software in my teaching. 
7. I use computer technology to support open-ended learning projects. 
8. I have begun to build technology projects into my professional portfolio. These 
include projects done with students and instructional resources I have created with 
technology. 
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9. I am interested in taking workshops on constructivist techniques that will allow for 
more student centered learning approaches with technology. 
10.1 have been involved in team teaching with other professionals so that I can observe 
new ways of using computers for instruction. 
11.1 have learned to help students use technology as a tool for accessing primary sources 
of information. 
12.1 have created a classroom environment where computers and other technologies are 
in the hands of the students. I provide guidance and support for students as they use 
technology. 
13.1 am able to help students decide when technology use is appropriate for answering 
their questions or for communicating with others. 
14.1 work with students to develop rubrics for technology-based projects. These rubrics 
are used to guide student learning and performance. 
15.1 understand that the use of computer technology can foster a more authentic learning 
community in my classroom. 
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APPENDIX E 
INTERVIEW QUESTIONS 
1. How have your computer skills changed or developed since computers were 
purchased for your school? 
2. Do you teach with computers? If so, what kinds of work do your students do on the 
computers in your classroom? In the computer Lab? 
3. What software programs do you use on a regular basis with students? 
4. How do you use the software program_in your teaching? (repeat for all 
programs used frequently). 
5. Do you have any lesson plans using the software program_that you would be 
willing to share? 
6. How have you been involved in technology professional development? 
Mentoring: 
Workshops and Training Sessions 
Study Groups 
7. In your opinion, what is the most important kind of support a school can provide for 
teaching with computers? 
8. Do you have any recommendations for professional development activities that 
should be made available to teachers in this school? 
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APPENDIX F 
EXAMPLE LESSON PLANS SHOWING INTEGRATION 
OF TECHNOLOGY INTO INSTRUCTION 
Example 1: Organizing Time for Learning in the Sixth Grade 
During the first week of school students are asked to record their activities once each 
hour during three twenty-four hour periods on school days. Hourly Recording Sheets are 
made by students using the spreadsheet program Excel. Once recording has been 
completed, students compile their activity schedule into specific categories (i.e., 
Sleeping, Eating, School, Sports, Studying, Recreation, Family Activities, etc.). The 
spreadsheet program Excel is used to create a spreadsheet and a graph showing how the 
student typically spends a 24 hour day. 
Students are introduced to their homework requirements for the school year and asked 
to explore ways of changing their daily schedule during the school week to accommodate 
one and one-half hours of homework and studying daily. The student completes a second 
spreadsheet and graph reflecting the changes planned in their daily schedule. Students are 
asked to write a contract agreeing to spend one and a half hours at a specified time each 
day studying and doing homework. Contracts are signed by the student, the teacher, and 
the parents. 
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Example 2: Eratosthenes Made Easy For The Fifth Grade 
Eratosthenes Made Easy involved fifth grade students in scientific study by asking 
them to ascertain how Eratosthenes was able to measure of the circumference of the 
Earth, then having the students reproduce his experiment. Eratosthenes was a Greek 
philosopher from the Ptolemaic era who determined the Earth's circumference within 
15% of the modem value. Reproducing his experiment required measuring the Sun's 
elevation at solar noon in two different latitudes on the same day. Thus, Internet 
collaboration between research groups in schools from two different areas of the country 
was required. By linking with other students in Maryland via email, students duplicated 
Eratosthenes' measurements of the Earth. Students also collaborated via email with a 
NASA research scientist to communicate shared data and trouble shoot research 
problems. This project engaged students in asking questions and evaluating evidence 
while helping them understand problems of science and technology in human affairs. It 
required fifth-grade students to use the scientific method for study and helped them 
understand the importance of collaboration to scientific inquiry while training them to use 
computer software tools in support of their scientific research. 
Students worked in small groups to understand how the circumference of the Earth 
could be measured, then they reproduced the scientific methodology used in ancient 
times. Students explored the research question, "How big is the Earth?". This question 
was studied within the meaningful context of human affairs by starting the project with a 
study of Columbus' trip to the Americas in 1492. Because Columbus used Ptolomy's 
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research as the basis of his estimates of the size of the Earth rather than Eratosthenes', his 
estimates were too small. Questions were raised about the responsibility of scientists to 
consider all relevant data. Ancient maps were explored and students were asked to draw 
their own maps of the ancient world. These maps were used to discuss Marco Polo and 
other sources that Columbus consulted to make his calculations of the size of the earth. 
Students used research on the economic, political and geographical climate in Spain 
during the 15th century to write letters to the King and Queen of Spain justifying 
Columbus' journey. 
To help students grasp fundamental concepts before they tred to measure the size of 
the Earth, they completed activities from Project ASTRO Resource Notebook published 
by the Astronomical Society of the Pacific. These hands-on activities acquainted students 
with how the motion of the Sun in the sky changes the shadow length and orientation of a 
gnomon, and how Eratosthenes' experiment requires or proves that the Earth is round. 
Students then measured shadows at five-minute intervals starting Zi hour before noon. 
Students converted shadow measurements to determinations of the Sun's elevation using 
triangle construction. Groups of students used computers to create tables of their findings 
and produce graphs. Findings were communicated with students from Maryland via 
email. Finally, students used maps to determine North/South distance between schools 
and made their final calculations of the size of the Earth. Eratosthenes' key insight was 
that the angular difference in solar elevation at two different places on the Earth on the 
same day is the difference in latitude between them. He combined this with the north- 
south distance between the two places to calculate the ratio: linear distance/degree of 
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latitude. This ratio multiplied by 360° is then the circumference of the Earth. Experience 
with this project has shown that student groups must take many shadow measurements to 
reduce random error. The basics of scientific observation are emphasized because 
students find that they must make very careful observations and measurements. 
The final stage of Eratosthenes Made Easy helped students see how scientific 
knowledge affects society and the political process. Students’ own measurements of the 
size of the Earth were used to see how the Spanish Court in Columbus’ time should have 
funded an expedition to the New World. Students were asked to write about how best to 
spend expedition money based on scientific information (e.g., How long will the trip 
take? How many supplies will be needed? How much space will be needed to carry 
supplies?) 
Computer software tools were an integral part of this project. Software was used to 
support student research and data gathering, for mathematical computation and model 
building, and for writing. Computer software also provides the means for student and 
project evaluation. The following specific software programs were used: 
• For math computation the spreadsheet programs, Cruncher by Sunburst and 
Microsoft Excel 
• For creating simulations of geometric concepts, MicroWorlds Logo by LCSI 
• For creating timelines, TimeLiner by Tom Snyder 
• For research in ancient history and science history, online sources such as CD-ROM 
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encyclopedias, the Electronic Library, and the Internet, with Internet web sites chosen 
by teachers in advance of student research. 
• For communications, email, the Internet, and web browsers 
• For creation of computerized project portfolios by each group of students, Microsoft 
Word, PowerPoint, Microsoft Image Composer 
For oral presentation of research findings and conclusions, PowerPoint 
Portfolios of student work were used for project and student evaluation. Each student 
research group completed a multimedia project portfolio that included their formulation 
of research questions, mathematical calculations, charts and graphs, and written work. 
Students also completed a PowerPoint presentation that was used to aid in oral delivery 
of their research findings to the school community and parents at a final informative 
sharing session. The following goals were considered for the purposes of portfolio 
evaluation: 1) Students as scientists will demonstrate understanding of the basic science 
processes of data collection and analysis; 2) Students as scientists will collaborate with 
each other and with research scientists by communicating shared data and trouble¬ 
shooting through use of email; 3) Students will use geometry (triangle construction) and 
protractors to measure Sun's elevation; 4) Computer technologies and software programs 
will support scientific study, reporting and presentation of findings by student working as 
scientists; and 5) Students will be familiar with the significant contributions of a scientist 
in the context in which he or she lived, and the later implications of his or her work. 
271 
Example 3 - Botany Research Reports: An Integrated Literature 
and Writing Unit Using Easvbook Writing Software In The Third Grade 
Materials: 
1. Examples of informational picture books on botany appropriate for Third Grade 
Students 
2. Easvbook Deluxe Software by Sunburst Communications 
3. Color Printer 
Lesson Plan Outline: 
Pre-Writing and Planning Composing, Revising, 
and Editing 
Publishing, 
Assessment and 
Reading 
Reading • Introducing and Use of nonfiction 
Mini-Lessons analyzing nonfiction literature to model: Use of non-fiction 
and Activities • Nonfiction styles: • Paragraph literature to model 
logical order organization how graphics support 
chronological • Chapter/Subtopic text 
order headings 
cause and effect • Alphabetical of 
• Organizational glossary and 
Components Index. 
• Table of Contents • Use of Bold and 
• Index italicized words. 
• Glossary 
• Boldface and Italics 
• Print 
• Graphics/Captions 
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Writing 
Mini-Lessons 
and 
Activities 
• Choosing a topic of 
interest 
• Formulating a 
question 
• Locating resources 
• Determining group 
members’ 
• roles (i.e. cooperative 
learning) 
• Creating an outline 
• Note taking 
• Paragraph 
construction 
• Topic Sentence 
• Supporting detail 
• Revising for 
clarity, 
• Sequence and etc. 
• Editing 
Class creates rubric 
for self assessment 
Group members use 
rubric to assess their 
work 
Integrating 
Easvbook 
Software 
• Creating a Table 
Contents as 
organizing tool 
• Typing chapters as 
they are 
completed. 
• Identifying words 
for glossary and 
index 
• Adding Graphics 
Choosing graphics 
that support text 
• Impact of font 
size and font 
style 
• Page layout 
• Final product is 
assessed 
• Using rubrics 
To help students understand the difference between fiction and nonfiction books 
used for research, a process of analyzing nonfiction literature is undertaken culminating 
in the creation their own books on a topic within the subject area of Botany. Nonfiction 
books are used as models for organization, writing, and the use of illustrations. Students 
use the multimedia writing program EasvBook by Sunburst Communications, for writing 
and publishing their nonfiction books. Rubrics are given to students before they begin 
work on their books and are used for assessing final products. The rubrics used for 
assessment follow: 
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Level 3 Capable: • The pictures and text give important information about the subject. 
• The book is constructed with care, artwork is vivid and the text 
explains the drawings. 
• The book has an appealing cover with a title. 
• The title includes information about the identity of the author or 
authors 
Level 2 Developing: • Students require some assistance to complete the book 
• The pictures and text provide some information about the subject. 
On a few pages, one word labels are used in place of text to 
identify the drawings. 
• The illustrations may be incomplete. Some pages have colorful 
drawings, but other pages have only incomplete sketches. 
• The cover of the book provides a drawing, a title and the identity 
of the author or authors. 
Level 1 Beginning: • Students require continual assistance to complete the book. 
• The pictures and /or text are not clear nor are they always 
pertinent. 
• On several pages single-word labels are used in place of text. 
• The artwork is sketchy or incomplete. Colors may not be 
appropriate. 
• The cover of the book is incomplete. 
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APPENDIX G 
PERMISSION TO CONDUCT RESEARCH IN THE AMHERST PUBLIC 
SCHOOLS 
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AMHERST PUBLIC SCHOOLS 
170 CHESTNUT STREET 
AMHERST, MA 01002 
413/549-9806 
413/549-9883 (FAX) 
DR. GUS A. SAYER 
SUPERINTENDENT OF SCHOOLS 
January 4,2001 
To Whom It May Concern: 
Doctoral research conducted by Linda Mensing Triplett in the Amherst Public Schools was done with my 
full consent and support as Superintendent of Schools. It is my understanding that Ms. Triplett’s research 
on Technology Professional Development in the elementary schools will be made available for our 
consideration. 
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